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1 Executive Summary

This submission is an amendment to NDA 21-368 for Lilly ICOS LLC’s new chemical
entity tadalafil (Cialis™). NDA 21-368 was submitted on June 28, 2001 and received an
approvable letter dated April 29, 2002. Requests made of the sponsor in the approvable
letter included the need for the sponsor to provide information regarding the interaction
of 20 mg tadalafil with: (1) nitrates, (2) alcohol, (3) ketoconazole (400 mg), (4) ritonavir,
(5) doxazosin or terazosin (at doses used to treat benign prostatic hypertrophy), (6) other
anti-hypertensives, (7) warfarin, and (8) aspirin. Additionally, the sponsor was asked to
investigate the effect tadalafil on QT interval and its potential link with myalgia and back
pain. The sponsor claims that this resubmission, with components dated May 27, 2003,
June §, 2003, June 24, 2003, July 22, 2003, August 11, 2003, August 29, 2003,
September 11, 2003, October 9, 2003, October 15, 2003, October 20, 2003, October 24,
2003, November 5, 2003 and November 17, 2003 is a complete response to the issues
raised in the approvable letter.

It was agreed between the medical officers and the clinical pharmacology reviewers that
the Clinical Pharmacology review of this NDA would address the following studies:

® LVDT: A Study to Investigate the Tolerability and Pharmacokinetics of
IC351 in Subjects on Hemodialysis for Renal Failure

® LVEV: A 8Study to Assess the Effect of Ritonavir and Ketoconazole on
the Pharmacokinetics of 20 mg IC351 (Tadalafil) in Healthy Subjects

¢ LVFB: An Investigator- and Subject-Blind, Placebo-Controlled Study to
Assess the Electrophysiologic Effect of 100 mg IC351 or Placebo on QT
Interval with Ibutilide as an Open-Label Positive Control in Healthy
Male Subjects

® LVFG: A Pharmacodynamic Study to Evaluate the Interaction Between 20
mg IC351 (Tadalafil) and 8 mg g.d. Doxazosin, an Alpha 1 Adrenergic
Antagonist, in Healthy Male Subjects



¢ ADME Report 89 Final Report Amendment 0l1l: In Vitro Interaction of
IC351 (Tadalafil) with Human Cytochrome P450 2C19

Note that ADME Report 89 was submitted in the original filing of this NDA. It was
resubmitted to note clerical changes to the document. None of the changes affected the
scientific results of the study.

The reviewer of the initial submission of NDA 21-368 recommended a starting dose of 5
mg in patients with moderate renal impairment. In the resubmission dated May 27, 2003,
the sponsor proposed 10 mg and 20 mg strengths of tadalafil. The need for a 5 mg dose
was re-evaluated during this review cycle. A recommendation for a 5 mg dose was
communicated to the sponsor during this review cycle and the sponsor provided the
necessary data to launch 5 mg, 10 mg and 20 mg strengths.

RECOMMENDATION
The resubmission of NDA 21368 for tadalafil tablets is acceptable from the Clinical
Pharmacology and Biopharmaceutics perspective.

Phase 1V Commitments
None requested.

APPEARS THIS WAY
ON ORIGINAL
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III. Summary of Clinical Pharmacology and Biopharmaceutics Findings

The following table summarizes the exposure changes observed in patients with renal
impairment, End Stage Renal Failure undergoing hemodialysis, and in subjects receiving
potent CYP 3A inhibitors concomitantly with 20 mg tadalafil. Note that information on
the metabolites of tadalafil (Total IC710) is included, as well.

Mild Moderate ESRF + Ritonavir | + Ketoconazole
Renal Renal with 200 mg 400 mg QD
Impair Impair Dialysis BID
AUC change
(Tadalafii)
S5mg 21-foldt | 2.1-fold 1 No change
(14% } or
1.1-fold 1)

10 mg 2.2-fold t 1.7 1.1-4.8-fold ¢

20mg - 2.7 -fold 1 2.6-fold 1 4.1-fold t
Cmax change

(Tadalafil) '

5mg 1.1-fold 1 | 1.3-fold 1 22% |

10 mg 1.2-foldt | 1.2-fold t 0-2.2-fold 1

20 mg 1.9-fold 1 No change 1.2fold 1
AUC change
(Total IC710)

5mg 2.2-foild 1 | 3.6-fold 2.7-fold 1

10 mg 2.6-foldt | 3.6-foldt | 2.1-3.3-fold t

20 mg 64% | 25% |
Cmax change
(Total IC710)

5mg 1.3-fold 1 | 1.6-foid t 1.6-fold 1

10 mg 1.3-fold1 | 1.6-foldt | 1.3-1.8-fold 1

20 mg 80% | 62% |

Summary of Exposure Changes Observed in Patients with Renal Impairment,
End Stage Renal Failure Undergoing Hemodialysis, and in Subjects
Receiving Potent CYP 3A Inhibitors Concomitantly with Tadalafil. Total
IC710 accounts for the active metabolites of tadalafil.

Based on exposure information and adverse event reports submitted, a 5 mg daily dose is
recommended in subjects with End Stage Renal Failure (ESRF) receiving dialysis or in
subjects with moderate renal impairment. Based on parent exposure data alone, a 10 mg
dose may be dosed once every 48 hours in subjects with mild or moderate renal
impairment, but studies suggest that it may be poorly tolerated with respect to back pain.
Dialysis contributed negligibly to the elimination of tadalafil. -

Of the CYP 3A substrates studied, coadministration of 20 mg tadalafil with 400 mg QD
ketoconazole caused the most significant CYP 3A drug-drug interaction with respect to
increase in tadalafil exposure. Once daily administration of 400 mg ketoconazole caused
AUCy... to increase 4.1-fold and Cmax to increase 1.2-fold. Administration of 200 mg
BID ritonavir resulted in 2 mean 2.6-fold increase in AUC and no change in mean Cmax.
The recommendation based on these results is that subjects taking potent CYP 3A
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inhibitors—such as ketoconazole and ritonavir—should not exceed a dose of 10 mg
tadalafil once in every 72 hours.

Tadalafil has a clinically significant effect on blood pressure when coadministered with
the alpha-1 adrenergic antagonist, doxazosin. As such, the use of tadalafil should be
contraindicated in patients receiving doxazosin. There was no evidence of a clinically
significant pharmacodynamic interaction between tadalafil and an alpha-1A adrenergic
antagonist (tamsulosin) in a study with eighteen (18) healthy male subjects, based on
maximum supine systolic and diastolic blood pressure. The findings for other
pharmacodynamic parameters (including mean, minimum and maximum values of
standing systolic and diastolic blood pressure and supine and standing heart rate)
supported this conclusion. Based on a potential class effect and given the size of the
tamsulosin trial, tadalafil should be used with caution in subjects receiving tamsulosin.

In this resubmission, the sponsor provided the results of a well-powered placebo- and
positive- controlled trial investigating the effect of a supratherapeutic dose of tadalafil
(100 mg) on QT interval. The dose used exceeded the Cmax achieved under any of the
following scenarios: at steady state, upon coadministration with the potent CYP 3A
inhibitors ketoconazole (400 mg QD) and ritonavir (200 mg BID), in mild and moderate
renal impairment, or in patients with End Stage Renal Failure receiving hemodialysis.
The results of this study suggest that there is a small (3-5 msec increase) and, possibly,
clinically insignificant effect of tadalafil on QT interval.

IV.  Question Based Review

1. Is there a need for a 5 mg dose?

The original reviewer of NDA 21-368 noted that systemic tadalafil exposure was
approximately 2-fold higher in subjects with mild and moderate renal impairment
following administration of 10 mg tadalafil. A single 10 mg dose of tadalafil was well
tolerated in healthy subjects and subjects with mild renal impairment, but was not well
tolerated in subjects with moderate renal dysfunction, prompting dose reduction to 5 mg.
The onset of adverse events—primarily back pain and myalgia—generally occurred 20
hours after peak plasma concentrations of tadalafil, when tadalafil’s methylcatechol
glucuronide metabolite concentrations were high. Renal impairment has a greater effect
on the disposition of tadalafil’s methylcatechol glucuronide metabolite than on the parent
compound, as expected for a renally-cleared metabolite.

In evaluating the need for a 5 mg dose, the primary focus was on the pharmacokinetic
and safety data from the following three studies.
(1) Study LVDT: A Study to Investigate the Tolerability and Pharmacokinetics of IC351
(tadalafil) in Subjects on Hemodialysis for Renal Failure
An open-label study in 16 male or female subjects, 25-75 years of age, with End
Stage Renal Failure (ESRF) who were receiving three hemodialysis sessions per
week. Single doses of 5, 10 or 20 mg tadalafil were administered approximately
24 to 30 hours prior to each subject’s first hemodialysis session in the study
period.



(2) Study LVAJ: A Comparative Study on the Pharmacokinetics, Safety and Tolerability
of IC351 (tadalafil), Following a Single Oral Dose in Patients with Mild, Moderate or
Severe Renal Dysfunction and Healthy Subjects
An open-label study of single oral doses of 5 and 10 mg tadalafil in a total of 12
healthy subjects (8 rece1v1ng 10 mg, 4 recelvmg 5 mg), 8 patients with mild renal
impairment (5 receiving 10 mg, 3 receiving 5 mg) and 12 patients with moderate
renal impairment (6 receiving 10 mg, 6 receiving 5 mg).

(3) Study LVBX: A Study in Healthy Subjects to Determine the Relative Bioequivalence
of Three Tablet Strengths (4 x 2.5mg vs 2 x 5 mg vs 1 x 10 mg) of Tadalafil and the Dose
Proportionality of Tadalafil Pharmacokinetics when Administered at Four Dose Levels
(2.5, 5, 10 and 20 mg)
A two-part bioequivalence and dose-proportionality study in 24 and 16 healthy
subjects, respectively. :

Note that Study LVAJ and Study LVBX were reviewed in the onginal submission of the
tadalafil NDA, while Study LVDT was provided in the May 27, 2003 resubmission. In
this review, the data from healthy subjects in Study LVBX and Study LVAIJ serve as a
comparator arm for the parameters in Study LVDT. Such a comparator arm is necessary
since Study LVDT did not include healthy subjects.

The results of Study LVDT suggest that End Stage Renal Failure has a greater impact cn
metabolite (Total IC710) disposition than on the parent compound. This is reasonable
given that the metabolites are primarily renally cleared. Relative to healthy subjects in
studies LVAJ or LVBX, subjects with ESRF receiving a 5 mg tadalafil dose had no
change in mean tadalafil AUC, a 23% decrease in mean tadalafil Cmax, a 2.7-fold
increase in mean Total IC710 AUC, and a 1.6-fold increase in mean Total IC710 Cmax.
Subjects receiving 10 mg tadalafil had between 1.1-fold to 4.8-fold increases in mean
tadalafil AUC, between zero to 2.2-fold increases in mean tadalafil Cmax, 2.1 to 3.3-fold
increases in Total IC710 AUC, and 1.3 to 1.8-fold increases in mean Total IC710 Cmax.
Subjects receiving 20 mg tadalafil had a 2.7- fold and 1.9-fold increase in tadalafil AUC
and Cmax, respectively.

The following table shows that the disposition of tadalafil and Total IC710 differed
between subjects with ESRF versus subjects with mild and moderate renal impairment.
For the 10 mg tadalafil dose, median tadalafil Tmax in ESRF (2 to 4 hours) was greater
than that in mild (2 hours) and moderate (2 hours) renal impairment and in healthy
subjects (1 to 2 hours). Median tadalafil t'2 in ESRF (15.2 to 24.8 hours) was between
that in mild and moderate renal failure (22 to 26 hours) and healthy subjects (14 to 17.6
hours). Median Total IC710 tmax in ESRF (52.4 to 77.5 hours) was greater than that in
mild (36 hours) and moderate (48 hours) renal failure and in healthy subjects (18 hours).

10 mg Tadalafil
(Geometric Mean and CV%)
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Healthy | Healthy | Healthy Mild Moderate End Stage
Subjects | Subjects | Subjects | Renal Renal Renal Failure
impair Impair )
{N=15) (N=24) (N=8) (N=3) (N=6) (N=12*)
Study | Study Study | Study Study Study
LVBX LVBX LVAJ LVAJ LVAJ LVDT
(8) (A)
*Poland *UK
N=6 N=6
AUC 3647 4005 2868 6280 4911 4023 13749
Tadal (34.0) (34.2) (44.2) (46.1) (50.1) (38.2) (36.7)
Cmax 190 184 183 217 220 186 394
Tadal (21.7) (24.3) (31.2) (21.0) (22.2) (17.2) (20.8)
1471 16.7 17.6 14 26 22 15.2 248
Tadal (34.4) (27.8) (45.8) (32.7) (43.0) (41.6) (37.9)
tmax 20 2.0 1.0 20 . 20 4.0 2.04
Tadal | - —_
AUC 4823 12657 17502 9983 15891
Total (66.7) (35.3) (45.1) (28.5) (34.8)
IC710
Cmax 86.5 113 142 109 158
Total (53.4) (43.7) (26.3) (35.6) (33.5)
IC710
tv2 20.0 443 55.4 NA NA
Total (30.7) (19.5) (45.9)
IC710
tmax 18.0 36.0 48.0 524 77.5
Total | | | T . ' L
IC710 | ! l |

Tadalafil and Total IC710 (metabolite) Parameters Estimated in Study LVBX, LVAJ,
and LVDT for the 10 mg Tadalafil Dose. All values are reported as mean (CV%)
except for tmax which is median (min,max).

In this study, hemodialysis occurred 24-30 hours after subjects received their single dose
of tadalafil. The ratio of post-dialysis to pre-dialysis concentrations of tadalafil and its
metabolite was reported as 0.9 (90% confidence interval=0.85,0.96) and 1.18 (90%
confidence interval=1.11,1.25), respectively. The sponsor claims that hemodialysis
contributes negligibly to the elimination of either tadalafil or its methylcatechol
glucoronide. It is unknown whether hemodialysis would have had a more significant
impact on exposure had it occurred sooner after tadalafil dosing.

Mean protein binding of tadalafil in ESRF subjects undergoing hemodialysis was
reported as 96%, thus, 4% of drug is unbound. In healthy subjects, mean protein binding
was reported as 94%, thus, 6% is unbound. The sponsor reported that this 33% reduction
in protein binding (fraction unbound) did not appear to be different between pre- and



post- dose, or between the 10 and 20 mg dose groups and that this was not a factor
explaining the difference in disposition for the groups.

There was a greater than dose proportional increase in tadalafil’s AUC and Cmax in
ESRF for an increase in dose from 5 mg to 20 mg. An 11.1-fold and 7.9-fold increase in
tadalafil’s AUC and Cmax, respectively, were observed with this 4-fold increase in dose.
There was a greater than dose proportional increase in tadalafil’s AUC and Cmax
observed for one cohort receiving 10 mg relative to the 5 mg dose, as well. An 8.4-fold
increase in AUC and a 5-fold increase in Cmax was observed with this 2-fold increase in
dose. In healthy subjects, AUC increases in a dose proportional manner across the 5 to 20
mg dose range while Cmax increases in a slightly /ess than dose proportional manner
across the 10 to 20 mg dose range.

The following table summarizes the adverse events observed by severity. There were no
drug-related adverse events observed in the six (6) subjects with ESRF receiving S mg
tadalafil. Thirty-three (33) percent of the twelve (12) subjects receiving the 10 mg dose
experienced primarily mild adverse events. Approximately 17% of the 6 subjects
receiving 20 mg tadalafil experienced drug-related adverse events—one reported
dizziness and one reported feeling hot. Headache and somnolence were the major adverse
events reported. No episodes of myalgia or back pain were reported during the study.

Subyects [~} Nember of Subjects [ Nugizder ot
Number of with advearse adverse events with advaess adverse events
subyects cvents and seversty events and seyany
Treatment shudied fall causaliticsy tall cansalmiesy | idreo-relateds | oodrue-rslatedn
Smp 10 35) b Jfsnral Mild 2 LR LITgN | Alld 1]
Maoderate | Mod=ate U
Severe 0 Severe U
Total 3 Ttal 0
10 mg 1035] 12 5470 Muld ) 4335 Aild b
Maoderate | Moderate |
Severe 0 Severe U
Total 3 Total 6
2 my €35} b 11T Mald 2 1{1e. 7 AMild 2
Moderate 0 Modstate O
Severe 0 Severe 0
Tinal 2 Tuta) 2

Source: satewn 134 Table by
3 Adverse events considaad to be poxaibly related to {C34]
Summary of Treatment-Emergent Adverse Events in Study LVDT.

Given that ESRF subjects undergoing hemodialysis receiving 10 mg tadalafil had
between 1.1-fold to 4.8-fold increases in mean tadalafil AUC, between zero to 2.2-fold
increases in mean tadalafil Cmax, 2.1 to 3.3-fold increases in Total IC710 AUC, and 1.3
to 1.8-fold increases in mean Total IC710 Cmax, a 5 mg dose is recommended as a daily
dose. A 5 mg tadalafil dose is recommended in subjects with moderate renal impairment,
as well, given that the 10 mg dose was poorly tolerated in a study on subjects with
moderate renal impairment and prompted a dose reduction to 5 mg. Although there were



few adverse events observed in subjects with ESRF receiving the 10 mg dose, the sample
size was not large enough to rule out the possibility.

If a 10 mg dose of tadalafil is to be used in renally impaired subjects, the dosing interval
should be adjusted. The recommended dosing interval is based on finding the time after
dosing at which the trough level in renally impaired subjects is equivalent to the trough
level (concentration at 24 hours post-dose) in healthy subjects. Since Study LVDT is a
single dose study, the trough levels in this study will be compared to trough levels from
single dose studies in healthy volunteers.

The following figure shows the mean concentration-time profile from two studies in
which healthy subjects received a 5 mg tadalafil dose (Study LVBX and Study LVAJ)
and the individual concentration-time profiles for each subject with ESRF in Study
LVDT that received 5 mg tadalafil. Note that the mean trough level (concentration at 24
hours) in healthy subjects for the 5 mg dose is not achieved by all ESRF subjects until 72
hours post-dose. The tadalafil concentration in the majority of ESRF subjects 24 hours
after a 5 mg dose are equivalent to trough levels after administering 10 mg tadalafil to
healthy subjects. Thus, 5 mg tadalafil may be dosed to subjects with ESRF every 24
hours. If 10 mg is used, it should be dosed at most once every 72 hours.
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Plasma Concentrations of Tadalafil (IC351) versus Time Following a Single Oral 5
mg Tadalafil Dose to End-Stage Renal Failure Subjects Undergoing Hemodialysis
(Study LVDT) and Healthy Subjects (Study LVBX and Study LVAJ).

*
The following figure shows the plasma concentration-time profile for tadalafil and its
metabolites after 10 mg is dosed to renally impaired and healthy subjects. The
superimposed line highlights the trough concentration for healthy subjects. The plasma
concentration 24 hours post-dose in healthy subjects corresponds to the concentration
observed at 48 hours in renally impaired subjects. Thus, the potential dosing interval for a
10 mg dose in mild and moderate renal impairment is at most once every 48 hours.
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Plot to Estimate the Dosing Interval in Subjects with Mild and Moderate Renal impairment.
The plasma concentration 24 hours post-dose of 10 mg tadalafil in healthy subjects corresponds
to the concentration at 48 hours in renally impaired subjects. Thus, the recommended dosing
interval in mild and moderate renal impairment is at most once every 48 hours.

The following figure shows the individual plasma concentration-time profiles for tadalafil
in 12 patients with End Stage Renal Failure Undergoing Dialysis receiving 10 mg
tadalafil. The plot of the mean concentration for healthy subjects receiving a 10 mg
tadalafil dose is provided on the plot, as well (line labeled: Study LVBX and Study
LVAlJ). The horizontal line on the plot indicates the trough concentration for a 20 mg
dose of tadalafil in healthy subjects. The 20 mg trough level was selected as it represents
the minimum concentration for the highest proposed dose. The plasma concentration 24
hours post-dose in healthy subjects for the 20 mg dose corresponds to the concentration at
72 hours in patients with ESRF. This plot highlights the excessive time at which ESRF
subjects have exposure to drug if 10 mg is dosed.

10
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Note that tadalafil was not studied in ESRF subjects who were not undergoing dialysis,
but dialysis appeared to contribute little to tadalafil elimination when performed 24-30
hours post-dose.

2. What is the significance of the drug-drug interaction between tadalafil and the
CYP 3A4 inhibitors ketoconazole and ritonavir?

The reviewer of the initial submission of the tadalafil NDA noted that tadalafil exposure
was increased by 107% when co-administered with 200 mg ketoconazole and predicted
higher exposures with 400 mg ketoconazole, protease inhibitors (such as ritonavir and
saquinavir), other CYP3A4 inhibitors (such as erythromycin and itraconazole), and

- grapefruit juice. A pharmacokinetic interaction study of tadalafil (single dose of 20 mg)
with ritonavir (500 mg bid) at steady state was recommended in the review.

The sponsor submitted the results of Study LVEV: A Study to Assess the Effect of
Ritonavir and Ketoconazole on the Pharmacokinetics of 20 mg IC351 (Tadalafil) in
Healthy Subjects. Study LVEV was a randomized, open-label study conducted in two
parts. Part A examined the interaction of tadalafil with two dose levels of ritonavir (200
mg and 600 mg BID) and Part B examined the interaction of tadalafil with ketoconazole
(400 mg QD). In each of Part A and Part B, tadalafil 20 mg was dosed alone in Period 1.
In Period 2, CYP 3A4 inhibitor dosing started on study Day 1 and continued until Day
10, with tadalafil 20 mg dosing beginning two days after the start of CYP 3A4 inhibitor
dosing (Study Day 3). Eight (N=8) subjects were assigned to each ritonavir study arm
and twelve (12) subjects were assigned to ketoconazole.

The results of Study LVEV suggest that coadministration of 20 mg tadalafil with 400 mg
QD ketoconazole causes the most significant CYP 3A4 drug-drug interaction with
respect to increase in tadalafil exposure. In this case, AUCy_,.. increased 4.1-fold on
average and the most extreme change was 5.9-fold. In addition, Cmax increased 1.2-fold

il



on average and the most extreme change was 1.9-fold. The following figure shows the
concentration-time profiles for tadalafil dosed with and without ketoconazole.
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Arithmetic Mean (:tSEM) Plasma Concentration-Time Profiles of Tadalafil (IC351)
Following Oral Administration of a Single 20 mg Dose Alone (N=12) and in
Combination with 400 mg QD Ketoconazole (N=12). The top curve is the profile from
the drug interaction study. The bottom curve is from tadalafil dosing alone.

The sponsor performed a drug-drug interaction study with 600 mg BID ritonavir, but the
results are inconclusive because the 600 mg BID ritonavir dose was poorly tolerated. Five
of the 8 subjects were withdrawn after receiving 600 mg BID ritonavir but prior to
receiving a coadministered dose of tadalafil. Only 3 of the 8 subjects receiving 600 mg
BID ritonavir remained in the study until the first coadministered tadalafil dose on Day 3,
but discontinued after Day 3 because of ritonavir-related adverse events. The following
figure shows the concentration-time profiles from the ritonavir interaction studies.
Administration of 200 mg BID ritonavir resulted in a mean 2.6-fold increase in AUC and
no change in mean Cmax.

APPEARS THIS WAY
ON ORIGINAL
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20 mg tadalafil & 200 mg bid ritonavir

20 mg tadalafil & 600 mg bid ritonavir

o120 mgq tadalafil : . . : ' ,
0 24 48 T2 96 120 144 168 192

Time Post-Dose (hr)

Tadalafil Plasma Concentration (ug/L)
s

Arithmetic Mean (+SEM) Plasma Concentration-Time Profiles of Tadalafil
. Following Oral Administration of a Single 20 mg Dose Alone (N=16) and in
Combination with 200 mg BID Ritonavir (N=8) or 600 mg BID. Ritonavir (N=3).

Despite the lack of data on the interaction between 600 mg BID ritonavir and 20 mg
tadalafil, the sponsor asserted that the “worst case scenario” for potent CYP 3A inhibition
is that ritonavir 600 mg BID increases tadalafil exposure to a similar extent as 400 mg
ketoconazole QD. Several pieces of evidence were provided to support this hypothesis.
. Evidence included:
(1) Long term administration of high dose ritonavir has been associated with a
reduction in its own exposure due to induction of CYP 3A. Therefore, the
inhibitory effect of ritonavir may decrease with time and dose.
(2) The effect of ritonavir on Cmax is relatively small for most compounds.
(3) Ritonavir is known to inhibit multiple drug-metabolizing enzymes, including
CYP 3A, CYP 2D6, and CYP 2C. A significant component of its inhibitory effect
is due to inhibition of first-pass metabolism. Tadalafil is a low clearance drug
(apparent oral clearance = 2.48 L/hr). Moderate to high clearance drugs are more
susceptible to effects of strong inhibitors on first-pass and systemic metabolism
than low clearance drugs.
(4) In vitro concentration-response data has shown that ritonavir is nearly as
potent as ketoconazole for CYP 3A inhibition

By means of simulations using the same study design, sample size, and sampling
strategy, the sponsor replicated Study LVEV 200 times to characterize the expected
distribution of possible AUC outcomes. The simulation model accounted for inhibition of
first-pass metabolism as well as effects on systemic clearance of tadalafil. Worst-case
assumptions for the influence of key model parameters—such as the effect on first-pass
and the influence of ritonavir on inhibitory constant and protein binding were tested
within the simulation environment. The median predicted tadalafil AUC ratio in the
presence and absence of 200 mg BID ritonavir was 2.2—the same value as reported in
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Study LVEV. The median and maximum AUC ratios predicted in the presence versus
absence of 600 mg BID ritonavir were 3.3 and 4.0, respectively. This inhibitory response
is slightly less than that for ketoconazole 400 mg/day.

The following table’ summarizes the relative change in parameters for tadalafil when

dosed with the CYP 3A inhibitors tested in this study.

Ketoconazole Ritonavir Ritonavir
400 mg QD 200 mg BID 600 mg BID
(N=) (N=8) (N=3)
Cmax T 1.2-fold No change 116%
AUC T 4.1-fold T 2.2-fold T 1.7-fold
tmax 3.03 hours* 3.00 hours*
1 hour*** 1 hour*** 7 hours™*
tY2 35 hours** 15.5 hours** 0.8 hours™*
CUF 1 76% 1 60% 1 40%
Vz/F 1 22% 4 20% 1 40%

*Median difference in tmax for tadalafil + CYP 3A inhibitor versus tadalafil alone
**Difference between geometric mean t; for Tadalafil + CYP 3A inhibitor versus tadalafil alone.
***Difference between median tmax for Tadalafil + CYP 3A inhibitor versus tadalafil alone.

Relative Change in Tadalafil Pharmacokinetic Parameters for the CYP 3A
Interaction Studies Relative to Dosing Tadalafil Alone.

Coadministration of 20 mg tadalafil with 400 mg QD ketoconazole reduced the geometric
mean CL/F for tadalafil by 76%. The AUC and Cmax of tadalafil’s major metabolite, a
methylcatechol glucuronide, was lower after coadministration with ketoconazole (25%
decrease in AUC, 62% decrease in Cmax) or ritonavir (200 mg BID regimen: 66%
decrease in AUC, 80% decrease in Cmax) relative to dosing tadalafil alone.

The following chart reports the incidences of adverse events in this study. The highest
levels of tadalafil exposure (obtained upon dosing 20 mg tadalafil with 400 mg
ketoconazole) was not associated with the highest incidence of AEs. Back pain was
frequently reported, with 42.8%, 37.5%, and 25% of subjects receiving 20 mg tadalafil
alone, 20 mg tadalafil + 200 mg BID ritonavir, and 20 mg tadalafil + 400 mg QD
ketoconazole reporting back ache, respectively. Myalgia was reported by 2/28 (7.1%),
1/8 (12.5%), and 1/12 (8.3%) of subjects receiving 20 mg tadalafil alone, 20 mg tadalafil
+ 200 mg BID ritonavir, and 20 mg tadalafil + 400 mg ketoconazole, respectively. The
incidence of adverse events is consistent with the hypothesis that both drug and
metabolite concentrations may be the cause. Although tadalafil levels increased with
CYP 3A4 inhibition, metabolite levels decreased with increased CYP 3A4 inhibition and
400 mg ketoconazole + 20 mg tadalafil yielded fewer adverse events than 20 mg tadalafil
alone. .
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Number of adverse events
frumber of subjects with adverse ¢sent]
20me i3S & 20mg 33X 20mg (351 &

200mz bd 600 mg bl 40 mg o.d

20 my IC35] ritonavir ritonavir ketoconazole
MzdDRA erm i IN=28) iN=R) (N=¥3y IN=12y
Headache NOS 1916} 212 3ipn) 1% [9)
Back pain 13{12) REK 6 {3}
Maalgia 312} 1{1] i
Muscle cramps 2{1) 2{n
Arthralgia 212 1{1}
Faeling hot 11 11
Musculaskeletal stiftness 2(2}
Lethargy 2{2
Nasal congestion 1(1] {1}
Sensation of pressure NOS 2{1}
Back suitthess 1{l]
Dyspepsia ’ 11}
Eye pain 1{1]
Flushing 1 {1
Limb discomfort NOS (1]
Nausea 1{1]
Neek stiffness | N1
Pan in himh 111)
Somnoleace 111}
Total K1 121 Y 6] £12) 32 10}

Saarce: Section 134 01able 2.2y

N= Number ol sulyects

Adverse events presetiizd were gaatment-emerzent with respect to dosang with 1331
+ Three subjects recened 10351

NOS = Not atherwise specified

Frequency of Treatment-Emergent Drug-Related Adverse Events in Study LVEV by
Type.

The recommendation based on these results is that subjects taking potent CYP 3A
inhibitors—such as ketoconazole and ritonavir—should be restricted to a 10 mg dose of
tadalafil. '

The following plot highlights the excessive exposure to drug expected if a 20 mg dose is
used in subjects taking 400 mg ketoconazole QD. The horizontal line on the following
plot of the concentration-time profile for subjects receiving 20 mg tadalafil alone and
with 400 mg ketoconazole QD indic#es the trough concentration (concentration at 24
hours post-dose) for a 20 mg dose of tadalafil. The plasma concentration 24 hours post-
dose after 20 mg tadalafil is dosed alone corresponds to the concentration at 96 hours
when 20 mg tadalafil is coadministered with 400 mg ketoconazole QD. Note that this
trough level is higher than in the plot used to estimate the dosing interval in renal
impairment. The renal impairment studies were single-dose studies.
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CZO mg tadalafil at 24 hours = CZO mg tadalafil + 400 mg QD ketoconazole at 96 hours

T20 mg tadalafil + 400 mg QD ketoconazole = 96 hours
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Graphical Approach to Estimating the Dosing Interval in Subjects Taking 20 mg
tadalafil with 400 mg QD Ketoconazole.

Similar to the previous plot, the following plot highlights the excessive exposure to drug
expected if 2 20 mg dose is used in subjects taking 200 mg ritonavir BID. The horizontal
line on the following plot of the concentration-time profile for subjects receiving 20 mg
tadalafil alone and with 200 mg ritonavir BID indicates the trough concentration
(concentration at 24 hours post-dose) for a 20 mg dose of tadalafil. The plasma
concentration 24 hours post-dose corresponds to the concentration at 72 hours in subjects
taking 200 mg ritonavir BID. Thus, the recommended dosing interval in this situation is
72 hours. Note that this trough level is higher than in the plot used to estimate the dosing
interval in renal impairment. The renal impairment studies were single-dose studies.

CZO mg tadalafil at 24 hours = C20 mg tadalafil + 200 mg BID ritonavir at 72 hours
_Tzo mag tadalafil + 200 mg BID ritonavir = 72 hours
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Graphical Approach to Estimating the Dosing Interval in Subjects Taking 20 mg
tadalafil with 200 mg BID Ritonavir.

There are no pharmacokinetic data available regarding the interaction of a 10 mg tadalafil
dose with either 400 mg ketoconazole QD or 200 mg ritonavir BID. The data from the

- —
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studies of 20 mg tadalafil with these potent CYP 3A inhibitors can be used to infer an
appropriate dosing regimen for a 10 mg dose. Given that tadalafil has linear kinetics for
10 and 20 mg doses, one can halve the concentrations at each time point in the 20 mg
study to predict the level expected for the 10 mg dose. If this approach is taken, the
previous two plots suggest that a 10 mg dose of tadalafil coadministered with 400 mg QD
ketoconazole is expected to fall below the trough (24 hour post-dose) concentration of 20
mg tadalafil 72 hours post-dose. Thus, the recommended dosing interval with potent CYP
3A inhibitors is 10 mg at most once every 72 hours.

3. What is the clinical significance of the interaction with doxazosin?

Given that both tadalafil and alpha adrenergic antagonists used in the treatment of benign
prostatic hypertrophy (BPH) exert pressor effects and that patients with BPH might also
suffer erectile dysfunction, it was necessary to investigate the interaction between
tadalafil and drugs from this class of compounds. The approvable letter requested that the
sponsor provide information to support labeling regarding the interaction of 20 mg Cialis
with doxazosin or terazosin in doses used to treat symptoms of benign prostatic
hypertrophy. In a previous study performed in healthy subjects (Study LVAY), no
evidence of a significant pharmacodynamic effect on blood pressure was demonstrated
when the alpha-1A adrenergic antagonist tamsulosin, or FLOMAX®, at a dose of 0.4 mg
once-daily was co-administered with tadalafil at 10 mg or 20 mg doses.

To address this issue, the sponsor submitted the results of Study LVFG: A
Pharmacodynamic Study to Evaluate the Interaction Between 20 mg 1C351 (Tadalafil)
and 8 mg QD Doxazosin, an Alpha 1 Adrenergic Antagonist, in Healthy Male Subjects.

- The antagonist used in the present study was doxazosin, or CARDURA®—a drug which
- is less selective for alpha receptors in the prostate than tamsulosin. In this study,
doxazosin was administered at a dose of 8 mg once-daily, which is its highest approved
oral dose. Doxazosin is marketed in 1 mg, 2 mg, 4 mg, and 8 mg tablets.

This wasa double-blind, placebo-controlled, randomized, two-period crossover study
with a 10 day washout period investigating the effect of a single 20 mg tadalafil dose on
blood pressure after once-daily dosing (QD) of 8 mg doxazosin for 7 days. The study was
conducted in 18 healthy males aged 40-70 years. The primary endpoint was maximal
post-baseline drop in standing systolic blood pressure. The terminal elirnination half life
for doxazosin is 22 hours. Steady state with relatively small changes in peak to trough
concentrations is expected after 7 days of daily dosing. Doxazosin and tadalafil were
dosed simultaneously on the concomitant dosing day in this study with the aim of
simultaneously achieving peak concentration for both drugs. This was appropriate given
that (according to labeling), peak plasma levels of doxazosin occur 2-3 hours post-dose
and median tadalafil tmax is 2 hours.

The following figure shows the results with respect to the primary endpoint (change in
standing systolic blood pressure) and change in standing diastolic blood pressure.
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Mean Changes from Baseline in Standing Blood Pressure.

In Study LVFG, mean change in standing blood pressure was greater for tadalafil
compared to placebo at all time points. The mean change in standing systolic blood
pressure returned to baseline at 24 hours after tadalafil administration compared to 12
hours post placebo dosing.

The following table of the statistical analysis of the study shows that based upon the
primary endpoint of maximal post-baseline drop in standing systolic blood pressure, there
was a significant difference (with 95% confidence; upper limit of confidence interval:
15.5 mmHg) observed between subjects receiving the tadalafil + doxazosin regimen
versus the placebo + doxazosin regimen. The mean difference between the two treatment
~arms was 9.81 mmHg—greater than the preset criteria of 8 mmHg. The maximum mean
drop in standing systolic blood pressure occurred at 2 hours and 6 hours post dose.

APPEARS THIS WAY
ON ORIGINAL

18



LS mean

Wmg 1351 & ¥5% confidence
R mggq.d Placebo & 8 myg Mesn limits fir the

Parameter dnxazosin .. doxazogin  differences  mean difforence
Maximal post-hasedine dro in
standing gystolic bvad pressure 278 17.9 231 411,155
fmm
Maximal past-baseding drop in
standing diastoedic blosd pressure 14.4 9.1 533 8618, 10.0
{mmHg)
Maximal post-hascline increase
in standing hewt rate 5.} 123 38 0480, 7.19
(bpm)

Sovrce: Section 14.2.3(Table 1)
2 1351 & doxazosin - placeho & doxazosin

Statistical Analysis of Derived Parameters for Standing Vital Signs.

The following table reports the response with respect to outlying values. The percentage
of subjects with potentially clinically significant decreases from baseline in standing
systolic blood pressure when 20 mg tadalafil was co-administered with doxazosin (28%)
was greater than when placebo was co-administered with doxazosin (11%). In terms of
absolute values, five out of 18 subjects (28%) had standing systolic blood pressure less
than 85 mmHg following dosing with tadalafil, compared to one out of 18 subjects (6%)
following dosing with placebo.

Wmg KCI51 & Placebo &
Rmg qd. doweosin . B myg q.d. dowazosin
{riteria {N=18} IN=18}
Sanding systolic blood pressure <R3 mmHg 5128} 1 16]
Sanding diastolic hood pressure <45 mmHg 1 §5] 919}
Supine syytolic Mood pressure <85 mmHg 9] 1 5]
Supine diasolic blood presawre <45 mmbp o] 2101
{"hange from baseline in standing SBP »30 mmHg 5 [28] 2111
Change from baseling in standing DBP >2) mmbg 211} 16]
Change fom haseling in supine SBP >30mmHg 16} 1 6]
Change fom haseline in supine DBP >20) mmHg 2[11] {01

Source: Section 14.2.3 (Table 3)

Number of Subjects [% Subjects] with Potentially Clinically Significant Blood
Pressure Effects.

The following two tables report the incidence of adverse events. Two-thirds (66.7%) of
subjects receiving tadalafil experienced a drug-related adverse event compared to 38.9%
receiving placebo, with more severe and moderate events occurring in subjects receiving
tadalafil than placebo. There were 2 versus zero incidences of severe drug-related adverse
events for subjects receiving tadalafil compared to subjects receiving placebo,
respectively. There were 6 versus 2 incidences of moderate drug-related adverse events
for subjects receiving tadalafil compared to subjects receiving placebo, respectively.

19



Subjects [%] Number of Subjects [%4] Nunber of

with adverse sdverse evenis with adverse wiverse events

evems and sevority events and soverity
Treatment (sl cyusalitios) {all caumalitios) {drug-relaied’) {drmg-related”)
2D mg K351 12 I66.734 Mitd 3 12 [66. 7%} Mild 28
&8mgqd Moderste 9 Moderate &
doxazosin Severe 2 Severe 2
{N=18} Total 41 Total 2%
Piacebo & H 155.6%4 Mild 24 7138.9%1 Mild 12
8 mg q.d. Moderate 4 Moderae 2
doxmzesin Severe 0 Severe L
{N=18) Total 23 ‘ Total 14

Sowrce: Sectioty 14.34 (Table 1.1)

N = Number of subjects studied

Adverse events sumenarised were treatiment-emergent with respect to dosing with study drug on Day )
a Adverse eventg considerad 1o be possibly related to 1381 o placebo

Summary of Treatment-Emergent Adverse Events.

The following table reports the breakdown of adverse events by type. Six out of 18
(33.3%) subjects receiving tadalafil experienced back pain compared to zero subjects
receiving placebo. Three out of 18 (16.7%) subjects receiving tadalafil experienced
dizziness compared to zero subjects receiving placebo. Two out of 18 (11.1%) subjects
receiving tadalafil experienced myalgia compared to zero subjects receiving placebo. One
subject receiving tadalafil out of 18 experienced chest pain compared to zero receiving
placebo. One out of 18 subjects receiving tadalafil experienced each of the following
adverse events compared to zero subjects receiving placebo: arthralgia, asthenia, chest
pain, dry mouth, nausea, pain in limb.

MNumber of adverse events
[oumber of subjects with adverse event ]
20my IC351 & Smy gd. doxeeosin ~ Placebo & 8 myg q.d. doxazagin

MedDRA term {N=18} {N=18)
Rack pain £16]
Hesdache NOS 8] 618
Somnolence 44y Fisi
Dizziness 3l
Myulgia 242
Ftigne LY Hi]
Vertigo 1 iy
Arthralgis 1
Asthenia 11
Chest psin 1{1]
Diry mouth 1]
Dyspepsia i
Nausca R1 ]

LIt i Rosh 1]

_Total 28 12y 1477}
Source: Section 14.3.4 (Teble 2.2)

ROS = N otheraise specified
Frequency of Treatment-Emergent Study Drug-Related Adverse Events by Type.
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The onset of back pain and myalgia following administration of tadalafil occurred
between 10 and 40 hours after dosing with tadalafil. The duration of back pain was long
for 3 subjects—lasting approximately 3 to 7 days. The number of subjects experiencing
headache, somnolence, fatigue, and vertigo was equivalent after administration of
tadalafil and placebo. There was a difference in the duration of the episode of vertigo on
tadalafil versus on placebo.

Given the clinically significant interaction between doxazosin and tadalafil, the use of
these drugs in combination should be contraindicated. The sponsor may choose to
investigate the interaction between tadalafil and lower doses of doxazosin.

The results and design of the sponsor’s interaction study with tamsulosin was
reevaluated. This study of tamsulosin with 10 mg and 20 mg tadalafil doses was a
placebo-controlled, randomized, three-period crossover study designed to compare the
pharmacodynamic effects of tadalafil and placebo when co-administered with tamsulosin.
In each of three treatment periods, subjects were administered single oral doses of either
10 mg tadalafil, 20 mg tadalafil or placebo 2 hours after receiving a daily tamsulosin dose
(0.4 mg). Subjects began tamsulosin dosing 7 days prior to the single dose of tadalafil or
placebo and received tamsulosin until the day after the dose of tadalafil or placebo was
administered. The tamsulosin label reports that steady state concentrations of tamsulosin
are achieved by the fifth day of once-daily dosing.

In this study, subjects received tamsulosin in the fasted state. Tamsulosin labeling reports
that maximum tamsulosin concentrations for the 0.4 mg QD regimen occurs 4 to 5 hours
post-dosing in the fasted state. Tmax for tadalafil occurs at a median of 2 hours post-
dose. Thus, it was appropriate for the sponsor to dose tamsulosin 2 hours after subjects
received tadalafil in order to have the peak concentration for both drugs occur
simultaneously.

Tamsulosin caused a difference in maximum standing systolic blood pressure of -4
mmHg and -4 mmHg when dosed with 10 and 20 mg tadalafil, respectively, and a
difference in maximum standing diastolic blood pressure of -6 mmgHg and -4 mmHg
when dosed with 10 and 20 mg tadalafil, respectively. Decreases in blood pressure were
considered to be of clinical significance following a change from baseline (pre- tadalafil
or placebo dose) of >30 mmHg for systolic blood pressure and >20 mmHg for diastolic
blood pressure. The following table presents the number of subjects with clinically
significant decreases in blood pressure that occurred in the 24 hours post-tadalafil or
placebo dose. It shows that a similar number of subjects experienced clinically significant
decreases in systolic and diastolic blood pressure following administration of 10 and 20
mg tadalafil and placebo. No subject had a clinically significant value of systolic blood
pressure (<85 mmHg) or diastolic blood pressure (<45 mmHg).
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Number of subjects with clinically significant
decreases for the parameter
10 mg IC3351 & 20 mg IC351 & Placebo &
0.4 mg tamsulosin | 0.4 mg tamsulosin | 0.4 mg tamsulosin
Blood pressure parameter (N=18} {(N=18) {N=18)

Supine systolic ) I 2
Standing systolic ©2 2 1
Supine diastolic H 2 0
Standing diastolic 3 0 ]
Total subjects 3 4 4

Number of Subjects with Clinically Significant Decreases in Blood Pressure
Occurring in the Period 24 hours Post- Tadalafil or Placebo Dosing With
Tamsulosin.

The following table shows the breakdown of adverse events by severity for each study
arm. The overall incidence of drug-related adverse events was very low for all treatments.
Four drug-related adverse events were reported during the study; one subject who
received 10 mg IC351 and three subjects who received 20 mg tadalafil each experienced
single episodes of myalgia. There were no severe or serious adverse events reported
during the study.

Subjects [%] Number of Subjects [%0] Number of’
with adverse adverse events with adverse | adverse events
Treatment events and severity events and severity
{all causalities) | (all causalities) | (drug-related®) | {drug-relateda)
- Mild i Mild |
10 351 &
me . , Moderate | X Moderate 0
0.4 mg tamsulosin 2[11.1%] 1 [5.6%]
(N=18) Severe 0 Severe 0
' Total 2 Total 1
, Aild 1 i
20 mg IC351 & Milc . Mild .
: . . Moderate 3 ~rr e Moderate 2
0.4 mg tamsulosin 6 [33.3%] 3[16.7%} .
(N=18) Severe 0 Severe D
- Total 6 Total 3
ild 0 104 {
s o
0.4 mg tamsulosin | 0[0.0%] voderaie 0[0.0%) | oK
(N=18) Severe 0 Severe 0
‘ ' Total ) Total 0

Summary of Treatment-Emergent Adverse Events During the Tamsulosin
Interaction Study.

Tadalafil may be dosed to subjects receiving tamsulosin.
4. What is the effect of tadalafil on QT interval?
To address this concern, the sponsor tested the effect of a single 100 mg dose of tadalafil

on QT interval in a positive- (intravenous ibutilide) and placebo- controlled trial. The
positive control (ibutilide) at a dose of 0.0025 mg/kg was infused for 10 minutes—a level
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the sponsor claims causes a 10 millisecond increase in QT interval. Although a 100 mg
tadalafil dose is 5 times the highest to-be-marketed dose (20 mg), it does not yield 5
times the level of 20 mg dose exposure. At dose levels greater than 40 g, tadalafil
exposure increases less than proportionally with dose, likely due to decreased absorption.

The mean tadalafil Cmax and the mean Total IC710 (metabolite) Cmax in this study
cover the respective Cmax values expected in the following situations:

(a) 20 mg tadalafil dosed to steady state

(b) 20 mg tadalafil coadministered with a 400 mg ketoconazole QD regimen

(c) 20 mg tadalafil coadministered with a 200 mg ritonavir BID regimen

(d) 20 mg tadalafil dosed to subjects with end-stage renal failure receiving hemodialysis
(e) 10 mg tadalafil dosed to subjects with mild or moderate renal impairment

. The mean tadalafil AUCy_,. in this study likely covers the following situations:
1. the mean tadalafil AUC expected for a 20 mg dose at steady state
2. the mean tadalafil AUC expected when 20 mg tadalafil is dosed to subjects with end
stage renal failure receiving hemodialysis
3. the mean tadalafil AUC expected when 10 mg tadalafil dosed to subjects with mild
or moderate renal impairment

The mean tadalafil AUCy_,.. in this study likely does not cover:
1. the mean tadalafil AUC expected when 20 mg tadalafil is coadministered with a 400
mg ketoconazole QD regimen
2. the mean tadalafil AUC expected when 20 mg tadalafil is coadministered with a 200
mg ritonavir BID regimen

The following table summarizes the effect of tadalafil, placebo, and the positive control
(ibutilide) on corrected QT interval. Tadalafil caused a mean increase of 0.6 beats per
minute in heart rate relative to baseline, while placebo caused a 2.5 beat per minute
decrease in heart rate relative to baseline. The overall effect was a 3.1 increase in heart
rate for tadalafil relative to placebo. The sponsor used several methods to correct QT
interval for heart rate. For an ANOVA model fitting RR as a covariate, mean changes in
“QTc” interval for tadalafil versus placebo was 3.3 msec with the two-sided 90% CI of
(1.7, 5.0). The difference in the mean change from baseline for tadalafil relative to
placebo with respect to an individual correction method (“QTcI”), the Fridericia
correction (“QTcF”), and the in-house “Lilly” correction (“QTcL”) was 2.8, 3.5 and 5.0
msec, respectively. The sponsor reported that QTcl and QTcF intervals were independent
of heart rate while QTcL yielded a positive correlation with heart rate. ‘
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QTe Modd Qtel QIcF QTel.
Heart rate Qf baged {Individualy (Pridericiay  iLilly)
Cuomparison ibpm} {ms} {ms} (ms} {ms} ims)
100mg IC351 11 2.4 33 2% 33 50
{relative to placehn) {1743} (-3.5,07)  1.759) (1.24.4) (L9, 5.0 {33467
frutitide LR 5.7 9.4 89 93 14
{rebative o placebn) (04,333 (2.0984)  (F6ILEE (6981 (F6ILE JRS5124)
2.3 109 6.8 69 71 Al
Thtilide vs U351 -38,-0.8y (7.2,147} (508N (5.0.8.8) (3.3.8.91 14.3,7.8)

* Ty B¢ 10D mg IC351 snd matched placeba, past-infusion {11 1 20 minumes) R Ibutilide
Summary of Effect of Tadalafil, Placebo, and the Positive Control (Ibutilide) on

Response.

The following two tables summarize the results of the sponsor’s outlier analysis. Note
that it is difficult to compare the incidence of outlying values for ibutilide relative to
tadalafil given that there were fewer measures taken when subjects received ibutilide than
tadalafil. Based on an analysis of a total of 8,011 individual ECG QTc measurements, in
the tadalafil (IC351) period, 0.7% and 0.9% of the measurements of change in QTcl and
QTCcF, respectively, from baseline were greater than 30 msec. These outlying values were
observed in 8.6% and 15.1% of subjects. The effect of tadalafil on QT interval was
greater than that for placebo but less than that for ibutilide—2% and 2.6% of the
measurements of change in QTcl and QTcF, respectively, from baseline were greater
than 30 msec in the ibutilide period. These outlying values were observed in 13.4% and
16.4% of subjects. In the placebo period, 0.2% and 0.3% of the measurements of change
in QTcl and QTCF, respectively, from baseline were greater than 30 msec and these
outlying values were observed in 6.6% and 7.7% of subjects.

No subject experienced a QTc change from baseline in the placebo, tadalafil and ibutilide
periods greater than 60 msec. Approximately ten percent (10%) of the outlying values
were >45 msec. No individual post-baseline QTc value exceeded 450 msec in the

tadalafil and placebo periods.

106 my 1C351 Plavebo thutilide
N=3713 N=3636 N=66S
n{%j n(%) (%)
Change QTel interval >30 ms 25{0.7) ®0.2) 13(2.0)
Change QTcF interval >3 ms 330 1.3 1326
Change QTcL. interval >3 ms H7{1.8) 14{0.4} 22(3.3)

Summary of Outlier Changes in QTcl, QTcF, and QTcL Values. Number and percent
of observations with a change from baseline >30 msec.

196 mg 1C351 Placeho hutilide
N=93 N=¢] N=6T
n{%;} n(%i n(%}
Change QTel interval >30 ms 808.6} ${6.6) 91345
- Change QTcF interval =30 mg 1415.1) H1h H{164)
Change QT el interval >3) ms 32T Hy11.0) 4269
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Number (Percent) of Subjects with at Least One Change in QTcl, QTcF or QTcl.
>30 msec.

The purpose of the positive control in this study was to demonstrate that the study is
sensitive enough to detect a change in QTc interval on the order of 10 msec. Had the
sponsor’s test compound (tadalafil) caused a change in QT interval to a clinically
significant extent, the response to the positive control would be of little concern. The
sponsor’s claim that tadalafil causes no significant change in QT interval, however,
necessitates evaluation of the performance of the positive control.

Therapeutic doses of ibutilide are associated with large changes in QT interval, so the
sponsor used a low dose of ibutilide. There is little published information on the
dose/concentration—response relationship for low dose ibutilide. The sponsor ran a dose-
finding study for intravenous ibutilide and claims to have data showing that 0.0025 -
mg/kg ibutilide infused for 10 minutes causes a QTcB change of 9.0 msec (min: —
msec, max: .—— ; N=8). The dose-finding study enrolled 16 healthy males, 18 to 65
years of age. '

An extensive literature search revealed only one published study with a dose
approximating that used by the sponsor." In that report, a 0.003 mg/kg intravenous dose
of ibutilide infused for 10 minutes to 38 males aged 21-40 lyears was associated with an
average change of 30 msec (SEM=2.39) in QTcB interval. 2

What is the reason for the discrepancy between the response to intravenously infused
ibutilide at nearly identical doses (sponsor: 0.0025 mg/kg; published report: 0.003

mg/kg)?

One possible explanation is the difference in the age between the subjects of the two
studies. Another possible explanation is that ibutilide has a very sharp dose-response
curve right between the 0.0025 mg/kg and the 0.003 mg/kg dose. That is, 0.0025 mg/kg
causes a 10 msec change but 0.003 mg/kg causes a 30 msec change. There are no data
available to evaluate this possibility.

A potential concern is that the 0.0025 mg/kg dose causes a 30 msec change in QTc but
the study design was such that a drug which causes a 30 msec in QTc appeared to cause a
10 msec change. One consequence would be that tadalafil—which appears to prolong
QTc by approximately 5 msec—actually causes a greater level of prolongation.

The source of the discrepancy was a difference in dose between the information in the
literature and the sponsor’s protocol. For reasons of safety, the sponsor's protocol
required that the infusion be stopped if two consecutive readings of QTcB>12 msec were
observed or a single reading of QTcB >30 msec was observed in a subject. The following
two tables show the results of the sponsor’s dose-finding study for ibutilide.
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Summary of Maximum Increases in QTc Interval (ms) During the 1 Hour Period
Following Ibutilide Infusion.
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Méan Change in QTc Interval (msec) During the 1 Hour Period Following Ibutilide
Infusion.

The extent to which there is a direct exposure-response relationship for ibutilide validates
the sponsor’s dosing scheme for ibutilide. Note that the maximum change in QTcB
observed occurred 5 minutes after the termination of infusion (at 15 minutes) in the
published study-—very much a direct effect relation.

Given that the study was well-powered for a comparison with placebo (N=90 subjects)
angd given the tight confidence intervals on the response to placebo, ibutilide, and
tadalafil, the results of the study are trustworthy. As such, tadalafil appears to have a
small, but clinically insignificant effect on QT interval.

The sponsor submitted a plot and regression line fit to the data for the change in QTcl
from baseline as a function of tadalafil plasma concentration at 3, 4, 6, and 24 hours
postdose. The sponsor reported that a fit to the pooled dataset suggests that there is a flat
slope (<0.002 ms per ng/mL, p>0.10) over the entire range of concentration values and
claims that this suggests that there is no concentration-related increase in QTc for
tadalafil. There are numerous difficulties with this claim. First, given that there were few
data points at high concentrations, each of these extreme points likely exert great
leverage. Second, the sponsor offered no comment regarding the goodness of fit of the
model. There was no plot summarizing how well the population fit agreed with models
for individual datasets. Finally, response was smaller with respect to QTcI than any other
correction method used, thus, this metric likely provides the smallest estimate of effect.
Regardless, the dose-response information support the claim of little significant effect on
QT interval.

The following table shows the results with respect to adverse events. Eighty eight percent
(88%) of subjects receiving 100 mg tadalafil experienced a total of 290 drug-related
adverse events. In contrast, 15% and 1% of subjects receiving placebo and ibutilide
experienced 41 and 14 drug-related adverse events, respectively. Three (3) of the adverse
events on tadalafil were severe, while zero of the adverse events on placebo or ibutilide
were of a severe nature. Sixty six (66) of the adverse events on tadalafil were moderate,
while 12 and 4 of the adverse events on placebo and ibutilide, respectively, were of a
moderate nature. Back pain was reported by 22.8% (21/92) subjects receiving 100 mg
tadalafil in contrast with 2.2% and 1.5% of subjects receiving placebo and ibutilide,
respectively. Myalgia was reported by 19.6% (18/92) of subjects receiving 100 mg
tadalafil in contrast with 1% and 0% of subjects receiving placebo and ibutilide,
respectively. Dizziness was reported by 10.9% of subjects receiving 100 mg tadalafil in
contrast with 2.2% and 0% of subjects receiving placebo and ibutilide, respectively.
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Given the small mean effect of tadalafil on QTc and the few outlying values, the drug
appears not to cause a clinically significant change in QTc interval. The effect of tadalafil
on QTc should be reported in the Clinical Pharmacology section of the label.

The high incidences of back pain and myalgia in subjects receiving high doses of tadalafil
may be noted in the labeling.

References

1. Rodriguez I, Kilborn MJ, Liu XK, Pezzullo JC, Woosley RL. Drug-induced QT
prolongation in women during the menstrual cycle. JAMA. 2001 Mar 14;285(10):1322-6.
2. Personal communication and exchange of data with RL Woosley (co-author of
publication listed above).

5. What are the absorption characteristics of tadalafil?
To address this question, the tmax data on all studies submitted in the original application
were reviewed. (See below.) The median tmax of tadalafil is 2 hours.

1. Study LVBX: Bioequivalence and Dose proportionality study in healthy subjects

Smg median tmax: 2 hours; range: 1,6 hours N=15
10 mg median tmax: 2 hours; range: .5,4 hours N=15
20 mg median tmax: 3 hours; range: 1,4 hours N=15
Another group:

10 mg median tmax: 2 hours; range: 1,6 hours N=24
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2. Study LVAU: Single and multiple dose PK

5 mg at steady state: median tmax: 3 hours; range: 1,8 hours ~ N=12

10 mg at steady state: median tmax: 3 hours; range: 1,4 hours N=12
3. Study LVBH: PK in elderly

i 10 mg median tmax: 3.3 hours; range: 2,4 hours =6

4. Study LVBW: Single dose PK in elderly vs. young

10 mg elderly median tmax: 2 hours; range: 1,4 hours N=12

10 mg young median tmax: 2.5 hours; range: 1,6 hours N=12
5. Male . ——— PK comparison

10 mg to males: single dose median tmax: 3.5 hours; range: 1,8 hours N=12

10 mg to males: steady state median tmax: 3 hours; range: 1,4 hours N=12
6. Study LVAS: PK in diabetics and healthy subjects

10 mg to healthy median tmax: 2 hours; range: 1,8 hours N=12
7. Study LVAZ: PK w/ Ketoconazole 200 mg or rifampicin

10 mg alone median tmax: 2 hours; range: 1,6 hours N=12

10 mg alone median tmax: 2 hours; range: 0.5,4 hours N=12
6. How do the dissolution conditions and specifications assure in vivo performance?
Pivotal trials were conducted using tadalafil tablets manufactured in Indianapolis. The to-
be-marketed tablets will be manufactured in Carolina, Puerto Rico. In this resubmission,

dissolution data from Indianapolis and Puerto Rico were submitted and reviewed on 5
mg, 10 mg, and 20 mg strength tablets.

In this submission and the original submission, the sponsor provided multi-point ‘
dissolution specifications for tadalafil. The sponsor’s justification was that: (1) assurance
of — -is important for efficacy and (2) complete release of Cialis is essentially

achieved at 30 minutes in the application medium, thus, a multi-point dissolution profile -
at the specification timepoints, 10 and 30 minutes was proposed by the sponsor.

Given thatthisisan. —————  formulation, a single time point is adequate to
specify dissolution. The drug is- — dissolved at —! minutes in a media that includes
surfactant (SDS).

The following dissolution conditions were used.
Strength: 5 mg, 10 ma. 20 ma
Apparatus Type: —_—

—_————
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Volume: \
Speed of Rotation: .

Brief Description of Dissolution Analytical Method:

—

——

The following tables provide a summary of computations performed on the individual
data to evaluate dissolution conditions.

5 mg dose
Time | Mean (sd) of Minimum Dissolution | Mean (sd) of Average Dissolution
{min)
Indianapolis Puerto Rico Indianapolis Puerto Rico
10 69.8 70.3 80.1 81.9
(4.1) (12.1) (2.4) (3.9)
20 88.6 89.6 93.8 943
(1.7) (5.6) (1.3) (1.7)
30 92.6 93.9 96.3 96.9
(1.4) (2.1) (1.0) (sd: 1.1)
10 mg dose
Time | Mean (sd) of Minimum Dissolution | Mean (sd) of Average Dissolution
(min)
Indianapolis Puerto Rico Indianapolis Puerto Rico
10 68.7 68 78.9 78.1
(2.9 (5.5 (1.9) (3.1)
20 89 89.1 93.9 93.3
(2.2) (3.3) (1.1) (1.3)
30 94.0 94.2 97.4 96.8
(1.6) (1.9) (0.5) (1.2)
20 mg dose
Time | Mean (sd) of Minimum Dissolution | Mean (sd) of Average Dissolution
{min)
Indianapolis Puerto Rico Indianapolis Puerto Rico
10 58.4 65 71.8 75.1
4) (7.7) (3) (1.9)
20 84.2 87.9 90 914
(1.5) (2.6) (0.9) (1.4)
30 91.0 93.6 94.7 95.6
(1.2) (1.5) (0.71) ~(0.9)

Based on the above tables and discussion with the DPE II management, the
recommended dissolution specification is -

et st

% dissolved (Q= — )in 30

minutes.

The following tables of £2 values computed on data from 5 mg, 10 mg and 20 mg doses
indicate that the profiles are similar . . The values
were verified by independent calculations. Thus, 5 mg, 10 mg, and 20 mg tablets
manufactured in Carolina, Puerto Rico are comparable to those manufactured in
Indianapolis.
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V. Detailed Labeling Recommendations

V1. Appendices
A. Proposed Package Insert (Submitted separately to DFS)

B. Individual Study Reviews
Appended to this file.

C. Consult Review
None requested.

D. Cover Sheet and OCPB Filing/Review Form
Refer to earlier submission to DFS.
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Individual Study Reviews (6 Studies)

1. H6D-EW-LVDT:

A Study to Investigate the Tolerability and Pharmacokinetics of IC351 in Subjects
on Hemodialysis for Renal Failure

Summary/Conclusions

* The sponsor reported the change in exposure with respect to all dose groups considered
together. In this case, there was a 2.1-fold increase in tadalafil AUC and a 1.4-fold
increase in tadalafil Cmax for ESRF subjects relative to healthy subjects.

That breaks down by dose group as follows:

*5 mg dose tadalafil in ESRF relative to healthy subjects:
No change in AUC tadalafil
22% decrease in Cmax tadalafil

*10 mg dose tadalafil in ESREF relative to healthy subjects:
1.1-fold - 4.8-fold increase in AUC tadalafil
0-2.2-fold increase in Cmax tadalafil

*20 mg dose tadalafil in ESRF relative to healthy subjects:
2.7-fold increase in AUC tadalafil
2-fold increase in Cmax tadalafil

* For all dose groups considered together, there was a 3.2-fold increase in Total IC710
AUC and a 1.6-fold increase in Total IC710 Cmax for ESRF subjects relative to healthy
subjects.
That breaks down by dose group as follows:
*5 mg dose tadalafil in ESRF relative to healthy subjects
2.7-fold increase in AUC
1.6-fold increase in Cmax
*10 mg dose tadalafil in ESRF relative to healthy subjects:
2.1-3.3-fold increase in AUC IC710
1.3-1.8-fold increase in Cmax 1C710

» The increased tadalafil exposure in ESRF subjects compared to healthy subjects cannot
be explained by a difference in the distribution pharmacokinetics for tadalafil:
+Mean protein binding of tadalafil in ESRF subjects undergoing hemodialysis is
approximately 96%——similar to that observed in healthy subjects (94%).
+Protein binding did not appear to be different between pre- and postdose, or
between the 10 and 20 mg dose groups.

*Hemodialysis contributes negligibly to elimination of either IC351 or its
methylcatechol glucoronide. (Post-dialysis values of parent are 90% of pre-dialysis
values and metabolite values are 1.2-fold greater post-dialysis.)

* Cmax, AUC, t’%, and Tmax parameters for subjects with ESRF were different than for

healthy subjects and for subjects with mild and moderate renal impairment receiving the
same dose:
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For the 10 mg dose

*Median tadalafil Tmax in ESRF (2-4 hours) was greater than that in mild renal
failure (2 hours) and moderate renal failure (2 hours) and in healthy subjects (1
hour).

*Median tadalafil t2 in ESRF (15.2-24.8 hours) was between that in mild and
moderate renal failure (26 hours and 22 hours, respectively) and healthy subjects
(14 hours).

*Median Total IC710 tmax in ESRF (52.4-77.5 hours) was greater than that in
mild (36 hours) and moderate (48 hours) renal failure and in healthy subjects (18
hours).

For the 5 mg dose

*Median tadalafil Tmax in ESRF (3 hours) was greater than that in mild renal
failure (2 hours) and moderate renal failure (0.5 hours) and in healthy subjects (1
hour).

*Median tadalafil t'2 in ESRF (13.8 hours) was less than that in mild and
moderate renal failure (25 hours and 26 hours, respectively) and healthy subjects
(18 hours).

*Median Total IC710 t'% in ESRF (51.6 hours) was greater than that in mild (31
hours) and moderate (51 hours) renal failure and in healthy subjects (20 hours).
*Median Total IC710 tmax in ESRF (55.3 hours) was greater than that in mild (24
hours) and moderate (42 hours) renal failure and in healthy subjects (20 hours).

* There was a discrepancy in all tadalafil parameters between the two study sites for 10
mg dose. The site (Polish) with the lower values of exposure had more women.

* There is a greater than dose proportional increase in AUC and Cmax for an increase in
dose from 5 mg to 20 mg. That is, there is an 11.1-fold increase in AUC and a 7.9-fold
increase in Cmax for a 4-fold increase in dose.

* There is a greater than dose proportional increase in Tadalafil’s AUC and Cmax for the
UK cohort with an increase in dose from 5 mg to 10 mg. That is, there is an 8.4-fold
increase in AUC and a 5-fold increase in Cmax for a 2-fold increase in dose.

* 1/6 subjects (16.7%) receiving 20 mg tadalafil experienced diziness. No subject
experienced a severe adverse event.

Background
* A previous study (LVAJ) compared the pharmacokinetics, safety and tolerability of a

single dose of 5 or 10 mg tadalafil in subjects with mild or moderate renal impairment
(who were not undergoing hemodialysis) to healthy subjects.

* LVAJ demonstrated that exposure to tadalafil and its primary metabolites, Total IC710,

was significantly higher following administration of tadalafil to the renally impaired
subjects

* The 10 mg dose was poorly tolerated by subjects in LVAJ with mild renal impairment.
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Objective
* To investigate the pharmacokinetics of 5 mg, 10 mg, and 20 mg tadalafil and the total

hydrolyzed methylcatechol glucuronide metabolite (Total IC710) in subjects on
hemodialysis.

* To assess the safety and tolerability of a single 5 mg, 10 mg, and 20 mg oral dose of
tadalafil in subjects with renal impairment on hemodialysis.

Design

* Open-label, sequential dosing, 2-center study

* Male or female subjects, 25-75 years, with ESRF who were receiving three
hemodialysis sessions per week

* 16 .subjects, 24 dosing occasions (some subjects escalated one level higher):

5 mg N=8
10 mg N=16
20 mg N=8

» Single doses of 5, 10 or 20 mg tadalafil administered approximately 24 to 30 hours
prior to their first hemodialysis session in the study period
» Sampling for protein binding assessment predose and 4 hours postdose

Sponsor’s Planned Analyses

* Non-compartmental assessment of the tadalafil and Total IC710 plasma concentration
versus time data

* Cmax and tmax were determined from the observed plasma concentration versus time

profiles.

« Statistical Methodology: the arithmetic mean, arithmetic standard deviation (SD),
arithmetic coefficient of variation (CV%), geometric mean, geometric CV%, median,
minimum value (min), maximum value (max) and the number of observations (N) was
determined. Pharmacokinetic data from the present study and studies LVAJ (healthy
subjects only) and LVBX Part B (tadalafil only) were combined for the analysis. A
statistical comparison of the parameters AUC and Cmax for both tadalafil and Total
IC710 was performed to compare the hemodialysis subjects with the healthy subjects.

Results

Figure 1 presents the arithmetic mean plasma-concentration-time profiles for tadalafil and
Total IC710 following 5, 10 and 20 mg single oral doses administered to ESRF subjects
undergoing hemodialysis. Table 1 and Table 3 present the summary statistics for select
pharmacokinetic parameters of IC351 and Total IC710, respectively, with separate
summary statistics for the two sites testing the 10 mg dose level. Table 2 and Table 4
show the ratio of tadalafil and Total IC710 parameters for the 10 mg and 20 mg tadalafil
doses relative to the S mg value, respectively.
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Figure 1. Arithmetic Mean Plasma Concentrations of Tadalafil and Total IC710 versus Time

Following Single Oral Administration of 5, 10 and 20 mg Tadalafil to End-Stage Renal
Failure Subjects Undergoing Hemodialysis.
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Table 1. Geometric Mean (CV%) Pharmacokinetic Parameters for Tadalafil (1IC351)

Following Single Dose Administration of 5, 10 and 20 mg Tadalafil to End-Stage Renal
Failure Subjects.

* Ratio of tadafil PK parameters in Table 1 relative to 5 mg dose:

10 mg Tadalafil 20 mg Tadalafil
Polish Cohort UK Cohort
_(N=6) (N=6) (N=6)
AUC 25 8.4 11.1
Cmax 2.4 5.0 7.9
Tmax 1.3 0.67 0.67
t 1.1 1.8 14
CUF 0.81 0.24 0.36
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VzIF I 0.90 [ 043 [ 049 |

Table 2. Ratio of Tadalafil Pharmacokinetic Parameters in Table 1 Relative to the 5 mg
Dose. o

Note in Table 1:
« Large variability in tadalafil’s AUC and CL/F for 5 mg dose group.
» Discrepancy in all tadalafil parameters between the two study sites for 10 mg dose.

Note in Table 2:

» There is a greater than dose proportional increase in Tadalafil’s AUC and Cmax for the
UK cohort with an increase in dose from 5 mg to 10 mg. That is, there is an 8.4-fold
increase in AUC and a 5-fold increase in Cmax for a 2-fold increase in dose.

» There is a greater than dose proportional increase in AUC and Cmax for an increase in
dose from 5 mg to 20 mg. That is, there is an 11.1-fold increase in AUC and a 7.9-fold
increase in Cmax for a 4-fold increase in dose.
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Table 3. Geometric Mean (CV%) Pharmacokinetic Parameters of Total IC710 Following
Single Dose Administration of 5, 10 and 20 mg Tadalafil to End-Stage Renal Failure
Subjects.

* Ratio of Total IC710 PK parameters in Table 3 relative to 5 mg dose Tadalafil:

10 mg Tadalafil 20 mg Tadalafil
Polish Cohort UK Cohort
(N=6) (N=6) (N=6)
AUC 2.8 NC NC
Cmax 1.7 2.5 4.7
Tmax 0.95 1.4 1.3
t% 1.3 NC NC
CLUF NC NC NC
Vz/F NC NC NC
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MR B 0.74 1 0.35 1 0.53 ]

Table 4. Ratio of Total IC710 Pharmacokinetic Parameters Relative to the 5 mg Dosg. )

Note in Table 3:
* Discrepancy in parameters between the two study sites for 10 mg dose.
*» Tmax increases with dose.

Note in Table 4:

» Changes in Cmax are approximately dose-proportional.

* Sponsor mentions that Total IC710 AUC could only be determined for 3 and 4 subjects
at the 5 and 10 mg dose levels, respectively, due to the flat nature of the profiles. The
geometric mean extrapolated area was 20.4%, therefore AUC values for Total IC710 at
the 5 mg dose should be interpreted with caution.

Table 5 shows the ratio of pre- and post- hemodialysis concentrations of tadalafil and
Total IC710 following 5, 10, and 20 mg tadalafil doses.

Ratin of post-/pre-haemmodial ysis
Analye Parameter AW Ol
1351 HZ35T concentration {ng/ml.) 0.91 (D35 in 0.9}
Taal 1T Total ICT19) concentration (ng/ml ) 1.18¢L1110 1.2%)

Table 5. Comparison of Pre- and Post-Hemodialysis Concentrations of Tadalafil (IC351)
and Total IC710 following 5, 10 and 20 mg Tadalafil.

Note in Table 5:
The post-dialysis values of parent are 90% of pre-dialysis values and metabolite values
are 1.2-fold greater post-dialysis.

Figure 2 shows the concentration-time data for individuals who received the 10 mg dose.
Note that this dose yielded different results depending on the study site.

APPEARS THIS WAY
ON ORIGINAL
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Figure 2. Plasma Concentrations of Tadalafil (Top Panel) and Total IC710 (Bottom Panel)
versus Time Following Single Oral Administration of 10 mg Tadalafil (IC351) to End-Stage
Renal Failure Subjects Undergoing Hemodialysis (Subjects 7 to 12 Polish Cohort, 13 to 19
UK Cohort).

Note in Figure 2:

Less discrepancy among metabolite profiles for the 2 study sites than for the parent
profiles.
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Figure 3 shows the discrepancy for the 10 mg dose group study sites in terms of Cmax
and AUC.
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Figure 3. Box and Whisker Plots of Tadalafil AUC (upper panel) and Cmax (lower panel)
Following Single Oral Dose Administration of 10 mg Tadalafil to Polish and UK End-Stage
Renal Failure Subjects Undergoing Hemodialysis. - - - - mean value ——- median value

The sponsor submitted a comparison of the pharmacokinetic data from subjects in the
current study to data from previously reviewed studies (Study LVBX and Study LVAJ)
in which 5, 10, and 20 mg tadalafil was administered to either healthy subjects or both
healthy and renally impaired subjects. Figure 4 is a plot of the mean concentration-time

data for the studies in healthy subjects with individual data from the presently reviewed
study (LVDT).
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Figure 4. Plasma Concentrations of Tadalafil vs Time Following Single Oral Administration
of Tadalafil to End-Stage Renal Failure Subjects Undergoing Hemodialysis (LVDT) and
Healthy Subjects (LVBX and LVAJ) (Upper Panel, 5mg; Middle Panel, 10mg; Lower Panel,
20mg dose). Note that subjects 1-12 in Polish cohort and subjects 13 to 25 in UK cohort.
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Note in Figure 4:

» Some ESRF subjects receiving 5 mg tadalafil have a similar profile as healthy subjects
receiving 5 mg tadalafil. The individual profiles of subjects with ESRF do not distribute
evenly around the mean for healthy subjects; the rest receiving the 5 mg dose exceed the
mean values for Study LVBX and Study LVAJ.

« Some ESRF subjects in the Polish cohort receiving 10 mg tadalafil have a similar
profile as healthy subjects receiving 10 mg tadalafil. The individual profiles of subjects
with ESRF do not distribute evenly around the mean for healthy subjects; the rest
receiving the 10 mg dose exceed the mean values for Study LVBX and Study LVAJ.

* No ESRF subjects receiving the 20 mg dose has a similar profile as the mean healthy
subject receiving 20 mg tadalafil in Study LVBX.

The sponsor provided Table 6 to summarize a statistical comparison of the

pharmacokinetic parameters of tadalafil and Total IC710 from the present study and from
studies LVAJ and LVBX (healthy subjects only). Note that this table reports the statistics
based on data pooled from all dose groups and then separately for each of the 10 mg dose

groups.

Analyte Comparison Population Parameter Ratio
{902 Ch
IC351 LVDT : LVATand LVBX Overall AUC (noem) 2409
{Healthy) {1.7010 2.56)
C iy (RO} 141
{1.2310 1.62)
Potand AU (norm) 1.27
(0.94-1.73)
Cuxia (RO} 0.91
10.76-1.09)
{X AL {norm) 329
(2.65-4.08)
Crux {0rm} 2.14
(1.86-2.47)
Total 1C710 | LVDT : LVAJ and LVBX Overall AUC (norm} 315
{Healthy) {2.25t0 4.41)
AUC (04} (norm) 266
(2.1t 10 2.35)
Cos (DOrm} 1,55
{1.26101.90)

Table 6. Statistical Comparison of 1C351 (Tadalafil) and Total IC710 Pharmacokinetic
Parameters Following Dosing with 5, 10 and 20 mg IC351 (Studies LVDT [the Present
Study], LVAJ and LVBX).

Note in Table 6:

» When data from all dose groups are analyzed, average tadalafil AUC increases 2.1-fold
and average tadalafil Cmax increases 1.4-fold, respectively, for subjects with End Stage
Renal Failure relative to healthy subjects. At the 10 mg dose level, average Total IC710
AUC increases 3.2-fold and average Total IC710 Cmax increases 1.6-fold. All of these
changes are statistically significant.
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The results reported in Table 7- Table 13 below show the relative change in AUC and
Cmax for each dose group separately, as opposed to Table 6 which pools the data from
all dose groups. Note that the analysis of the results reported in Tables 7-13 (which
follows in this review) shows that Table 6 represents the trend for IC710, but not
necessarily for tadalafil.

Table 7 and Table 8 contain Tadalafil and IC710 pharmacokinetic parameters estimated
from a study in which 10 mg tadalafil was dosed to healthy and renally impaired subjects.

Group
Mild rcnal Moderasie renal
Healthy subjects impairment impatmont
{N=8) {N=3) {N=6)
2868 (44.2) ) 6280 (46.1) 4911 (50.1)
2025 (32.6) 2899 (27,5) 2687 (23.9) ‘
183 3L.Y) 17210 220(22.2)
100, — 200 —— [ 200 ——
14 (45.8) 26(32.7) 22 (43.0)
3.49{44.2) 1.59 (40.1) 204(50. 1)
71.8(39.5) $9.2 (15.8) 65.9(17.9)

Table 7. Geometric mean (CV%) pharmacokinetic parameters of tadalafil after oral
administration of a single 10 mg dose in healthy subjects and patients with renal
impairment (study LVAJ).

Group

Mild renal Moderate renal
Healthy subjects impairment impairment

(N=8) {N=3) {N=6)

4823 (66.7) 12657 {35.3) 17502445.1) |
4735 (65.8) 11232 (38.4) 142870321 |
86.5 (53.4) 113 (43.7) 142 (26.3)
180, —— 36.0 80, —— |
20.0(30.7) 443(19.5) 55,4 (45.9)

Table 8. Geometric mean (CV%) pharmacokinetic parameters of total Ic710
(methylcatechol glucuronide) after oral administration of a single 10 mg dose in healthy
subjects and patients with renal impairment {study LVAJ).

Table 9 places Tadalafil and IC710 pharmacokinetic parameters determined in Study
LVAJ alongside parameters from the presently reviewed study for the 10 mg tadalafil
dose.

10 mg Tadalafil
{Geometric Mean and CV%)
Healthy Mild Moderate End Stage
Subjects Renal Renal Renal Failure
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Impairment | Impairment
(N=8) (N=3) (N=6) (N=12%)
Study LVAJ | Study LVAJ | Study LVAJ Study LVDT

*Poland *UK

N=6 N=6
AUC 2868 6280 4911 4023 13749
Tadalafil (44.2) (46.1) (50.1) (38.2) (36.7)

Cmax 183 217 220 186 394
Tadalafil (31.2) (21.0) (22.2) (17.2) (20.8)
AUC 4823 12657 17502 9983 15891
Total IC710 (66.7) (35.3) (45.1) (28.5) (34.8)

Cmax 86.5 113 142 109 158
Total IC710 (563.4) (43.7) (26.3) (35.6) (33.5)

Table 9. Tadalafil and 1IC710 pharmacokinetic parameters determined in Study LVAJ as
well as from the presently reviewed study for the 10 mg tadalafil dose.

Note in Table 9:

* For a 10 mg tadalafil dose, mean tadalafil AUC increases 1.4-fold for the subjects in the
Polish cohort and 4.8-fold for subjects in the UK cohort relative to healthy subjects.

* Mean Total IC710 AUC increases 2.1-fold for the subjects in the Polish cohort and 3.3-
fold for subjects in the UK cohort relative to healthy subjects.

* For a 10 mg tadalafil dose, mean tadalafil Cmax does not change for the subjects in the
Polish cohort but changes 2.2-fold for subjects in the UK cohort relative to healthy
subjects.

* Mean Total IC710 Cmax increases 1.3-fold for the subjects in the Polish cohort and 1.8-
fold for subjects in the UK cohort relative to healthy subjects.

* The parameters for subjects with ESRF were different than for healthy subjects and for
subjects with mild and moderate renal impairment receiving the same dose.

Table 10 places Tadalafil and IC710 pharmacokinetic parameters determined in Study
LVAJ alongside parameters from the presently reviewed study for the 5 mg tadalafil
dose.

5 mg Tadalafil
(Geometric Mean and CV%)
Healthy Mild Moderate End Stage
Subjects Renal Renal Renal Failure
Impairment | Impairment
(N=4) (N=3) (N=6) (N=6)
Study LVAJ | Study LVAJ | Study LVAJ Study LVDT
AUC 1472 3119 3135 1633
Tadalafii (25.1) (62.3) (37.5) (63.0)
Cmax 101 111 136 78.6
Tadalafil (31.2) (17.4) (13.2) (21.6)
AUC 2238 4955 8123 6051
Total IC710 (29.3) _(51.3) (32.1) (34.0)
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Cmax 413 53.3 65.7 64.2
Total IC710 (31.0) (7.97) _ (255) (33.4)

Table 10. Tadalafil and IC710 pharmacokinetic parameters determined in Study LVAJ as
well as from the presently reviewed study for the 5 mg tadalafil dose. - o

Note in Table 10:

» For a 5 mg tadalafil dose, mean tadalafil AUC increases 1.1-fold and mean Cmax
decreases 22.2% in ESREF relative to healthy subjects.

* Mean Total IC710 AUC increases 2.7-fold and mean Cmax increases 1.6—fold relative
to healthy subjects.

* The parameters for subjects with ESRF were different than for healthy subjects and for
subjects with mild and moderate renal impairment.

Table 11 places Tadalafil pharmacokinetic parameters determined in Study LVBX (in
healthy subjects) alongside parameters from the presently reviewed study for the 20 mg
tadalafil dose.

20 mg Tadalafil
{(Geometric Mean and CV%)
Healthy End Stage
Subjects Renal Failure
(N=16) (N=6)
, Study LVBX Study LVDT
AUC 6809 18090
Tadalafil (24.8) (38.8)
Cmax 322 621
Tadalafil (21.2) (26.6)

Table 11. Tadalafil pharmacokinetic parameters determined in Study LVBX as well as from
the presently reviewed study for the 20 mg tadalafil dose.

Note in Table 11:
« There is a 2.7-fold increase in tadalafil AUC and a 1.9-fold increase in Cmax.

Table 12 places Tadalafil pharmacokinetic parameters determined in Study LVBX (in
healthy subjects) alongside parameters from the presently reviewed study for the 10 mg
tadalafil dose.

Note that subjects in Study LVBX were on average younger (mean(SD) age = 30 (6.8)
years) than subjects in Study LVDT (10 mg dose: mean(SD) age = 50 (12.1); 5 mg dose:
age = 44 (10.0)). The healthy subjects in Study LVAJ were closer in age to subjects in
Study LVDT (10 mg dose: mean(SD) age =43 (8. 8) 5 mg dose: mean(SD) age =47
(6.0)).

The following table shows the demographics of the subjects in the three studies.
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Dose Number Age | Bady weight | Height BMI
Study Population {mg) | of subjects | (years) | (kg) {em) | ckg/m?)
LVDT | Haemodialysis 5 6 44 816 170 280
{10.0) {23.67) {12.8) | {539
10 12 50 813 174 26.8
{12.1) (20.03) {10.6) | {4.81)
20 & 50 784 174 25.6
{12.7) {21,20) 62) | (549
LVAJ Healthy 5 4 47 72.5 169 255
{6.0} (11.21) {9.4) {2.35)
10 8 43 76.0 176 244
{8.8} (14.20) {8.5} {2.83)
LVBX Healthy 5,10,20 16 30 721 174 237
{Part B) (6.8) (11.56) {104) | (2.52) l
Source: Appendix 16.2.2 (Table 1.1) and LVAJ, LVBX reports
Arithmetic mean (SD) data are presented
10 mg Tadalafil
(Geometric Mean and CV%)
Healthy Healthy Healthy Healthy End Stage
Subjects | Subjects Subjects Subjects Renal Failure
1x10mg | 4x2.5mg 2x5mg 1x10 mg
tablets tablets tablets tablets
(N=15) (N=24) (N=24) (N=24) (N=12%)
Study Study Study Study Study
LVBX (B) | LVBX (A) LVBX (A) | LVBX (A) LVDT
*Poland *UK
N=6 N=6
AUC 3647 4120 4071 4005 4023 13749
Tadalafil (34.0) (30.7) (32.5) (34.2) (38.2) (36.7)
Cmax 190 190 196 184 186 394
Tadalafil (21.7) (23.4) (28.5) (24.3) (17.2) (20.8)

Table 12. Tadalafil pharmacokinetic parameters determined in Study LVBX as well as from
the presently reviewed study for the 10 mg tadalafil dose.

Note in Table 12:

* Relative to the study LVBX(B), subjects in ESRF have either a 1.1-fold or a 3.8-fold
increase in tadalafil AUC and either zero or a 2-fold increase in Cmax. The results are
similar for all 10 mg regimens tested (LVBX(A)).

Table 13 places Tadalafil pharmacokinetic parameters determined in Study LVBX (in
healthy subjects) alongside parameters from the presently reviewed study for the 5 mg
tadalafil dose.

5 mg Tadalafil
: (Geometric Mean and CV%)
Healthy Mild Moderate End Stage
Subjects Renal Renal Renal Failure
Impairment | Impairment
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(N=16) (N=3) (N=6) (N=6)

Study LVBX | Study LVAJ | Study LVAJ Study LVDT
AUC 1888 3119 3135 1633
Tadalafil | (275 (62.3) (37.5) (63.0)
Cmax 103 111 136 7856
Tadalafil (25.0) (17.4) (13.2) (21.6)

Table 13. Tadalafil pharmacokinetic parameters determined in Study LVBX as well as from
the presently reviewed study for the 5 mg tadalafil dose.

Note in Table 13:
* Relative to healthy subjects in study LVBX, subjects with ESRF have a 14% decrease
in tadalafil AUC and a 24% decrease in tadalafil Cmax.

Summafy of results for 5 mg dose in ESRF relative to healthy subjects (LVAJ and
LVBX):

* No change in mean tadalafil AUC (1.1-fold increase or 14% decrease)

* 22.2-24% decrease in mean tadalafil Cmax

» 2.7—fold increase in mean Total IC710 AUC

» 1.6-fold increase in mean Total IC710 Cmax

Summary of results for 10 mg dose in ESRF relative to healthy subjects (LVAJ and
LVBX):

« Different studies and cohorts showed 1.1-fold, 1.4-fold, 3.8-fold and 4.8-fold increases
in mean tadalafil AUC

» Different studies and cohorts showed zero, zero, 2-fold and 2.2-fold increases in mean
tadalafil Cmax

» Different cohorts showed 2.1-fold or 3.3-fold increase in Total IC710 AUC

» Different cohorts showed 1.3-fold or 1.8-fold increase in mean Total IC710 Cmax

Summary of results for 20 mg dose in ESRF relative to healthy subjects (LVAJ and
LVBX):

* 2.7-fold increase in mean tadalafil AUC

* 1.9-fold increase in mean Cmax.

Table 14 shows the adverse event data with respect to severity and Table 15 shows the
frequency of treatment-emerge adverse events by type.
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Subjects [%] Number of Subjects [%] Number of
Number of | with adverse adverse events | with adverse adverse events
suljects events . and severity events and scverity
Treatment studied {all cansalitics) | {all causalitics) | (drug-relateds) | (drug-relatods)
5 mg 1C351 & 3 [50.0%) Miid 2 0 [0.0%] Mild 0
Moderate | Moderate 0
Severs 0 Severe 0
Total 3 Totd 0
10 my KC351 12 5 {41.7M4] Mild 6 4[33.3%]) Mild 5
Moderate 1 Moderate 1
Severe 0 Severe 0
Total 7 : Total 6
20 mg IC351 6 1{16] | Miid 2 1(16.7%) | Mild 2
Moderate 0 Moderate O
Severe L) Severe 0
Total 2 Toral 2

Source: Section 14.3.4 (Table [)

3 Adverse events considered to be possibly related to IC381

Table 14. Summary of Treatment-Emergent Adverse Events.

Number of adverse events
[number of subjects wath adverse event]
MedDRA 5 mg KC351 10 mg 1C351 Hmg IC351
preferred term {N=6}) (N=12) IN=6}
Headache NOS 212} 3{ {
Somnolencoe 1] 3{3] L3
Conjunctivitis 1{1] 0 {)
Dizzriness (4] 0 111
Electrocardiogram change NOS 0 1{1] {
Focling hot 0 0 Tl
] Total 3 LS! 7 LS! 211

‘Source: Section 1434 (Table 2.1)
N = Number of subjects
NOS = Not otherwise specified

Table 15. Frequency of Treatment-Emergent Adverse Events by Type.

Note that 2 subjects receiving 5 mg tadalafil and 2 subjects receiving 10 mg tadalafil

experienced headache and 3 subjects receiving 10 mg tadalafil experienced somnolence.

One subject (16.7%) receiving 20 mg tadalafil experienced dizziness. No subject
experienced a severe adverse event.

Table 16 and Table 17 present another side-by-side comparison of the data from studies
LVBX, LVAJ, and LVDT. These tables also include information on tmax and t% for

tadalafil and Total IC710.
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10 mg Tadalafil
_(Geometric Mean and CV%)

Healthy | Healthy | Healthy Mild Moderate End Stage
Subjects | Subjects | Subjects | Renal Renal Renal Failure
Impair Impair
(N=15) (N=24) (N=8) (N=3) (N=6) (N=12")
Study Study Study Study Study Study
LVBX LVBX LVAJ LVAJ LVAJ LVDT
B | (A)
*Poland *UK
N=6 N=6
AUC 3647 4005 2868 6280 4911 4023 13749
Tadal (34.0) (34.2) (44.2) (46.1) (50.1) (38.2) (36.7)
2.2foldt | 1.7-fold T | 1.4-fold 1 | 4.8-fold 1
VvS. vs. Vs, vs. healthy
healthy in | healthy in | healthy in in LVAJ
LVAJ LVAJ LVAJ
Cmax 190 184 183 217 220 186 394
Tadal (21.7) (24.3) (31.2) (21.0) (22.2) (17.2) (20.8)
1.2foldt | 1.2-foldt | Sameas | 2.2-fold {
VvS. vs. healthy in | vs. healthy |
healthy in | healthy in LVAJ in LVAJ
LVAJ LVAJ
ta 16.7 17.6 14 26 22 15.2 248
Tadal (34.4) (27.8) (45.8) (32.7) (43.0) (41.6) (37.9)
tmax 2.0 20 1.0 2.0 2.0 4.0 2.04
Tadal | (0.54.0) | (1.0-6.0) | (0.5-3.0) | (2.0-4.0) | (0.5-3.0) | (2.0-4.0) | (1.98-3.98)
AUC 4823 12657 17502 9983 15891
Total (66.7) (35.3) (45.1) (28.5) (34.8)
IC710
2.6-fold 1 | 3.6-foldt | 2.1-fold 1 | 3.3-fold 1
VvS. vs. vs. vs. healthy
healthy in | healthy in | healthy in in LVAJ
LVAJ LVAJ LVAJ
Cmax 86.5 113 142 109 158
Total (53.4) (43.7) (26.3) (35.6) (33.5)
IC710
1.3fold 1 | 1.6-fold ¢ | 1.3-fold 1 | 1.8-fold 1
vs. vS. vs. vs. healthy
healthy in | healthy in | healthy in | in LVAJ
LVAJ LVAJ LVAJ
ta 20.0 443 55.4 NA NA
Total (30.7) (19.5) (45.9)
IC710
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tmax 18.0 36.0 480 524 775
Total (12-36) | (36-48) | (24-48) | (24-81.7) | (29.2-96.1)
IC710

Table 16. Tadalafil and Total IC710 parameters estimated in Study LVBX, LVAJ, and LVDT
for the 10 mg tadalafil dose. Note that the mean (SD) age of subjects in studies LVBX, LVAJ
(10 mg dose), and LVDT (10 mg dose) was 30 (6.8), 43 (8.8), and 50 (12.1). The relative
change is reported with respect to Study LVAJ since the subjects were more alike in terms of
demographics. All values are reported as mean (CV%) except for tmax which is median

(min,max).
5 mg Tadalafil
(Geometric Mean and CV%)
Healthy | Healthy Mild Moderate End Stage
Renal Renal Renal Failure
Impair Impair
(N=16) (N=4) (N=3) (N=6) (N=6)
Study Study Study Study Study
LVBX LVAJ LVAJ LVAJ LVDT
AUC 1888 1472 3119 3135 1633
Tadalafil (27.5) (25.1) (62.3) (37.5) (63.0)
2.1-fold t | 2.1-fold 1 1.1-fold 1
vs. vs. vs.
healthy in | healthy in healthy in
LVAJ LVAJ LVAJ
Cmax 103 101 111 136 78.6
Tadalafil (25.0) (31.2) (17.4) (13.2) (21.6)
1.1fold 1 | 1.3-fold ¢ 2% |
VS, vs, vs.
healthy in | healthy in healthy in
LVAJ LVAJ LVAJ
t 17.3 18 25 26 13.8
Tadalafil (33.5) (18.3) (66.9) (41.7) (51.3)
tmax 20 1.0 2.0 0.5 3.0
Tadalafil (1.0-6.0) | (0.5-2.0) | (1.0-3.0) (0.5-1.0) (2.0-4.0)
AUC 2238 4955 8123 6051
Total IC710 (29.3) (51.3) (32.1) (34.0)
2.2fold t | 3.6-fold 1 2.7-fold 1
Vs, vs. vs.
healthy in | healthy in healthy in
LVAJ LVAJ LVAJ
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Cmax 413 53.3 65.7 64.2
Total IC710 (31.0) (7.97) (25.5) (33.4)
1.3-fold 1 | 1.6-fold 1 1.6-fold 1
vs. Vvs. vs.
healthy in | healthy in healthy in
LVAJ LVAJ LVAJ
t2 20 31 51 51.6
Total IC710 ‘ (23.9) (42.8) (12.8) (52.2)
tmax 1200 24.0 42.0 553

Total IC710

|

| 1 ]
Table 17. Tadalafil and Total IC710 parameters estimated in Study LVBX, LVAJ, and LVDT
for the 5 mg tadalafil dose. Note that the mean (SD) age of subjects in studies LVBX, LVAJ (10
mg dose), and LVDT (5 mg dose) was 30 (6.8), 43 (8.8), and 50 (12.1). The relative change is
reported with respect to Study LVAJ since the subjects in this study were more similar to subjects
in LVDT in terms of demographics. All values reported as mean (CV%) except for tmax which is
median (min,max).

If a 10 mg dose of tadalafil is to be used in subjects with renal impairment or End Stage
Renal Failure undergoing dialysis, the dosing interval will need to be adjusted. To do so,
the dosing interval will need to be such that the trough level in impaired and ESRF
subjects is equivalent to the trough level in healthy subjects.

Figure 5 shows a plot of the plasma concentration of tadalafil and its metabolites in
renally impaired and healthy subjects. The plasma concentration 24 hours post-dose in
healthy subjects corresponds to the concentration at 48 hours in renally impaired subjects.
Thus, the recommended dosing interval in these patients is 48 hours.
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Figure 5. Plot to Estimate the Dosirig Interval in Subjects with Mild and Moderate Renal
Impairment.

Figure 6 shows a plot of the individual plasma concentration profiles for tadalafil in 12
patients with End Stage Renal Failure Undergoing Dialysis receiving 10 mg tadalafil.
The plot of the mean response for healthy subjects receiving a 10 mg tadalafil dose is
provided on the plot, as well (line labeled: Study LVBX and Study LVAJ). The
horizontal line on the plot indicates the trough concentration for a 20 mg dose of tadalafil
in healthy subjects. The plasma concentration 24 hours post-dose in healthy subjects
corresponds to the concentration at 72 hours in renally impaired subjects. Thus, the
recommended dosing interval in these patients is 72 hours.
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Figure 6. Plot to Estimate the Dosing Interval in Subjects with End Stage Renal Failure
Undergoing Dialysis.

Other Comments

* 4 of the 6 Polish subjects at the 10 mg dose level were female; all UK subjects were
male.

» The data suggest that the rate of renal elimination, rather than formation, is the rate-
limiting process. Total IC710 accumulation during repeated dosing would therefore be
expected to exceed accumulation of the parent compound in ESRF subjects.

Relevant Pharmacokinetics (determined in previous studies)

* Mean AUC and Cmax of tadalafil is approximately 2-fold and 1.2-fold higher in renally
impaired subjects, respectively. There was no change in tmax observed.

» Tadalafil undergoes CYP3A4 mediated oxidation to a catechol metabolite.

The catechol metabolite undergoes extensive methylation and glucuronidation to form the
methylcatechol and the methylcatechol glucuronide conjugate, respectively.

» The methylcatechol glucuronide is the major metabolite in human plasma and urine.

52



» Mean AUC of total IC710 (methylcatechol glucuronide) was approximately 3.6- fold

and 2.6~ fold higher in moderate and mild renally impaired subjects, respectively, and

there was an increase in tmax.

e In vitro, the catechol and methylcatechol metabolites are highly selective for PDES,

when compared with the other PDEs.

« In vitro, the methylcatechol glucuronide was at least 13,000-fold less potent for PDE5

than tadalafil.

+ Concentrations of methylcatechol were<10% of glucuronide concentrations.

« In vitro, the catechol and methylcatechol metabolites were 45-fold and 230-fold less

potent for PDES5, respectively, compared with tadalafil.

» At steady state in healthy subjects, concentrations of methylcatechol glucuronide are

approximately 3-fold higher than single dose values. '

¢ In Study LVBX, individual tadalafil Cmax values for 10 mg tadalafil ranged from -—
"~ ~ The Cmax values for both cohorts reasonably agree with these previous

results. AUC increased in a dose proportional manner across the 2.5 to 20 mg dose

range, but Cmax did not. Neither AUC nor Cmax increased in a dose-proportional

manner in subjects with ESRF.

« In the previous submission of an NDA for tadalafil, the sponsor evaluated the

pharmacokinetics of 10 mg and 20 mg doses in (Market Image Formulation) in

Healthy Subjects in Study LVDK. Study LVDK showed that steady state trough levels

(24 hours after dosing) of 10 mg tadalafil is approximately 90 ng/mL in healthy

volunteers.

2. Study H6D-EW-LVEV
A Study to Assess the Effect of Ritonavir and Ketoconazole on the Pharmacokinetics
of 20 mg IC351 (Tadalafil) in Healthy Subjects

Main Results

* Coadministration of 20 mg tadalafil with 400 mg QD ketoconazole caused the most
significant CYP 3A4 drug-drug interaction with respect to increase in tadalafil exposure.
* For 400 mg QD ketoconazole, AUCy.,.. increased 4.1-fold on average and the most

. extreme change was 5.9-fold. In addition, Cmax increased 1.2-fold on average and the
most extreme change was 1.9-fold.

» The results are consistent with an earlier study (LVAZ) of coadministration of 10 mg
tadalafil and 200 mg ketoconazole; there, AUC increased 2-fold and Cmax increased
1.15-fold.

*When tadalafil was co-administered with 400 mg QD ketoconazole, the geometric mean
CL/F for tadalafil was reduced by approximately 76%.

* AUC and Cmax of tadalafil’s major metabolite, methylcatechol glucuronide, was lower
after coadministration with ketoconazole (25% decrease in AUC, 62% decrease in Cmax)
or ritonavir (200 mg BID regimen: 66% decrease in AUC, 80% decrease in Cmax)
relative to dosing tadalafil alone.

* Administration of 200 mg BID ritonavir resulted in a mean 2.6-fold increase in AUC
and no change in mean Cmax.

» Administration of 200 mg BID ritonavir resulted in a mean 2-fold increase in tadalafil’s
half-life and the geometric mean CL/F for tadalafil was reduced by approximately 60%.
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* The drug interaction study with 600 mg BID ritonavir is difficult to interpret given the
small sample size. Because 600 mg BID ritonavir was poorly tolerated, five of the 8
subjects were withdrawn after receiving ritonavir but prior to receiving a coadministered
dose of tadalafil. Only 3 of the 8 subjects receiving 600 mg BID ritonavir remained in the
study until tadalafil dosing on Day 3 (and discontinued after Day 3) because of ritonavir-
related adverse events.
*» The 3 subjects who remained in the 600 mg BID ritonavir interaction study long enough
to receive both ritonavir and tadalafil demonstrated the following.
*a smaller change in tadalafil AUC relative to when tadalafil dosed alone (mean:
1.7-fold increase) than for the 200 mg BID study (mean: 2.6-fold increase)
*a 14% decrease in Cmax, whereas the 200 mg BID ritonavir interaction study
demonstrated no change in Cmax
*no change in half-life, whereas the 200 mg BID ritonavir interaction study
demonstrated a 2-fold increase in half-life
*a 3.33-fold increase in tmax, whereas the 200 mg BID ritonavir interaction study
demonstrated a 1.33-fold increase in tmax.
*If the results of the 600 mg BID ritonavir interaction study are believable, they
suggest that the effect of the interaction between 20 mg tadalafil and 600 mg BID
ritonavir may be conservative with respect to safety.
Note, that although the parameters for the 3 subjects who received 600 mg BID ritonavir
are compared above to those measured in subjects completing the 200 mg BID ritonavir
interaction study, this is not a “fair” comparison given that subjects on the 600
mg BID ritonavir arm only received 1 day of coadministration of tadalafil with ritonavir,
while subjects on the 200 mg BID ritonavir arm received 7 days of coadministration.
* The discrepancy in the results of the studies of 200 mg vs 600 mg BID ritonavir may:
1. Be an artefact of the small sample size for the 600 mg ritonavir arm (N=3)
2. Reflect a difference in the pharmacokinetic profile between subjects who were
able to tolerate 600 mg BID ritonavir and subjects who could not tolerate 600 mg
BID ritonavir.
3. Reflect a change in the balance between CYP 3A4 inhibition and induction for
these strengths; CYP 3A4 inhibitors can also induce CYP 3A4 expression
4. Reflect the difference in the duration of inhibition; the 200 mg BID ritonavir
study involved 7 days of tadalafil-ritonavir coadministration, while the 600 mg
BID ritonavir study involved only 1 day of tadalafil-ritonavir coadministration.
* Back pain was frequently reported, with 42.8%, 37.5%, and 25% of subjects receiving
20 mg tadalafil alone, 200 mg BID ritonavir, and 400 mg QD ketoconazole reporting
back ache, respectively.
* Myalgia was reported by 2/28 (7.1%), 1/8 (12.5%), and 1/12 (8.3%) of subjects
receiving 20 mg tadalafil alone, 200 mg BID ritonavir, and 400 mg ketoconazole,
respectively.
* The onset of back pain and myalgia considered to be related to administration of
tadalafil was generally within 48 hours of dosing with tadalafil.
* The sponsor submitted a second analysis of the ritonavir data (received 8/8/03). The
sponsor asserted that the “worst case scenario” for potent CYP 3A inhibition is that
ritonavir 600 mg BID increases tadalafil exposure to a similar extent as 400 mg
ketoconazole QD. Several pieces of evidence were provided.

54



Evidence from the literature included:

(1) in vitro concentration-response data has shown that ritonavir is nearly as potent as
ketoconazole for CYP 3A inhibition )
(2) based on the proportionality in inhibitory response for saquinavir AUC following 600
mg BID ritonavir relative to 300 mg BID ritonavir, the inhibitory response in vivo—with
respect to AUC—at 600 mg BID should almost triple the response observed with 200 mg
BID. (It is unclear how this assertion was meant to support the sponsor’s application. A
3-fold increase in tadalafil exposure upon dosing with 600 mg BID ritonavir relative to
200 mg BID ritonavir would correspond to prediction of a 3 x 2.6-fold increase, or a 7.8-
fold increase in AUC.)

(3) The effect of ritonavir on Cmax is relatively small for most compounds.

(4) Ritonavir is known to inhibit multiple drug-metabolizing enzymes, including CYP
3A, CYP 2D6, and CYP 2C. A significant component of its inhibitory effect is due to
inhibition of first-pass metabolism. Long term administration of high dose ritonavir has
been associated with a reduction in its own exposure due to induction of CYP 3A.
Therefore, the inhibitory effect of ritonavir will decrease with time and dose.

(5) Tadalafil is a low clearance drug (apparent oral clearance = 2.48 L/hr). Moderate to
high clearance drugs are more susceptible to effects of strong inhibitors on first-pass and
systemic metabolism than low clearance drugs.

Evidence from the data in Study LVEYV included:

(1) By means of simulations using the same study design, sample size, and sampling
strategy, Study LVEV was replicated 200 times to characterize the expected distribution
of possible AUC outcomes. The simulation model accounted for inhibition of first-pass
metabolism as well as effects on systemic clearance of tadalafil. Worst-case assumptions
for the influence of key model parameters—such as the effect on first-pass and the
influence of ritonavir on inhibitory constant and protein binding were tested within the
simulation environment. The median predicted tadalafil AUC ratio in the presence and
absence of 200 mg BID ritonavir was 2.2—the same value as reported in Study LVEV.
The median and maximum AUC ratio predicted (presence of 600 mg BID
ritonavir/absence of BID ritonavir) were 3.3 and 4.0, respectively. This inhibitory
response is slightly less than that for ketoconazole 400 mg/day.

Background

Tadalafil undergoes extensive oxidative metabolism via cytochrome P450 3A4
(CYP3A4) to a catechol that is metabolized further to a methylcatechol (IC710). The
major metabolite in plasma is the glucuronide conjugate of this methylcatechol, and was
assayed by the sponsor as the total methylcatechol in hydrolysed plasma (total IC710).

The potential interaction between ketoconazole, a known CYP3A4 inhibitor, and a 10 mg
dose of tadalafil has previously been investigated (Study LVAZ). In that Study, tadalafil
plasma concentrations increased in the presence of ketoconazole (200 mg administered
once-daily (QD)), such that the geometric mean AUC increased 2-fold than when
tadalafil was administered alone.

Objective

55



Primary Objective

Determine the effects of ritonavir and ketoconazole on the pharmacokinetics of 20 mg
tadalafil. Tadalafil 20 mg was co-administered with ketoconazole (400 mg QD) or with
ritonavir (200 or 600 mg twice-daily (BID)).

Secondary Objective
Further assess the safety and tolerability of single 20 mg oral doses of tadalafil when
administered alone and following administration of ritonavir or ketoconazole.

Design
Study LVEV was a randomized, open-label study conducted in two parts (A and B).
The plan was as follows:
Part A: Ritonavir interaction study
Group 1: 200 mg BID ritonavir capsules (2 x 100 mg), N=8
Group 2: 600 mg BID ritonavir capsules (6 x 100 mg), N=8
Part B: Ketoconazole interaction study
400 mg QD ketoconazole tablets (2 x 200 mg), N=12

Part A examined the interaction of tadalafil with two dose levels of ritonavir and Part B
examined the interaction of tadalafil with ketoconazole. Each of Part A and Part B of
Study LVEV had 2 periods. In Period 1, tadalafil 20 mg was dosed alone starting on
study Day 1. In Period 2, the plan was to dose the CYP 3A4 inhibitor starting on study
Day 1 and continue to dose until Day 10. Additionally, in Period 2, tadalafil 20 mg
dosing began two days after the start of dosing of the CYP 3A4 inhibitor (Study Day 3).
The purpose of dosing the CYP3A4 inhibitor 2 days before commencing tadalafil dosing
was to ensure inhibition of CYP3A4. A washout interval of 10 to 14 days between Period
1 and Period 2 was performed to eliminate any residual tadalafil from Treatment Period 1
prior to dosing in Treatment Period 2.

Healthy males between 18 and 65 years old were included in the study.

Water was not permitted from the time of dosing until 2 hours postdose on each tadalafil
dosing occasion. Alcohol was actively discouraged from 48 hours prior to the first dosing
occasion. Grapefruit, grapefruit juice and grapefruit-containing products were not
allowed from 7 days prior to the first dose of tadalafil until after the final
pharmacokinetic blood sampling occasion in Treatment Period 2. Smoking was not
allowed on any day when tadalafil was administered, and for 1 hour before each vital
signs measurement. For the remainder of the study, subjects were not to smoke more than
10 cigarettes or equivalent per day. Prescribed medication was not permitted for 14 days
before the first dose of tadalafil, through to the final follow-up visit. Over-the-counter
medication was not permitted for 7 days before the first dose of tadalafil, through to the
final follow-up visit (except occasional paracetamol or ibuprofen use).

Plasma samples were analyzed for tadalafil, total IC710 and IC710.

Planned Analyses
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» The sponsor’s pharmacokinetic analyses consisted of a non-compartmental assessment
of tadalafil and total IC710 plasma concentration-time data. Cmax and tmax were directly
determined from the observed plasma concentration-time profiles.

» All subjects who received at least one dose of tadalafil, and with evaluable
pharmacokinetic data, were included in the sponsor’s summary statistics and only
subjects who had data for both treatment periods were included in the statistical analysis.
For withdrawn subjects, all available pharmacokinetic data were listed up to the point of
withdrawal.

» Absence of a drug interaction was to be concluded if the upper 90% confidence limit for
the ratio of AUC(0-8) and Cmax for tadalafil co-administered with ritonavir/ketoconazole
relative to tadalafil administered alone was less than two. A one-sided hypothesis was
used as only an increase in exposure was expected when tadalafil was co-administered
with ritonavir or ketoconazole.

* As the variance for all pharmacokinetic parameters (except tinax ) increases as the mean
increases, these parameters were log-transformed (base e) prior to analysis and were
analysed using a mixed model of the form:

RESPONSE = SUBJECT + TREATMENT + RANDOM ERROR

In the above model, the term ‘Subject’ was fitted as a random effect and the term
‘Treatment’ was fitted as a fixed effect. The term ‘Treatment’ was used to distinguish
between the Period 1 and Period 2 treatments. Residual plots were produced to assess the
distribution of the data and the adequacy of the model. There was no evidence within the
plots to suggest significant departures from normality, and therefore, an additional
analysis was not required.

» Statistical analysis was used to determine estimates of the inter-subject (between) and
intra-subject (within) variability, expressed as CV%, in the pharmacokinetic parameters
of tadalafil and total IC710.

Ritonavir Drug Interaction Study Results

Parent Compound

Sixteen subjects were recruited and entered Part A of the study. All eight subjects who
received 200 mg BID ritonavir in Treatment Period 2 (Subjects 1 to 8) completed the
study. Five of the eight subjects receiving ritonavir 600 mg bid withdrew before Day 3
(when ritonavir was to be coadministered with tadalafil) due to adverse events considered
related to ritonavir. The remaining 3 subjects were withdrawn prior to dosing with 600
mg bid ritonavir on Day 4. Two of the three subjects were withdrawn due to adverse
events considered related to ritonavir. One of the two had headache, which could possibly
be related to tadalafil. The remaining subject was withdrawn as a precautionary measure.
Therefore, no subject who received 600 mg ritonavir BID completed the study.

Twelve subjects were recruited and entered Part B of the study. Eleven of these subjects
completed the study: the one withdrawal was due to personal reasons. Therefore, of a
total of 28 subjects, 19 subjects completed the study as planned.

57



Although the actual age range of participants was 19-54, all but two subjects (one, aged
54, who entered the 600 mg bid ritonavir arm and another, aged 50, who entered the .
ketoconazole arm) was between the ages of 19 and 33. Subject 8 was of mixed race
(Caucasian/Asian), Subjects 17 and 25 were Afro-Caribbean (origin for Subject 25
recorded on CRF as being ‘Black African’); all other subjects were Caucasian.

For several subjects, back pain occurred on Day 2 in Treatment Period 1, therefore
clinical laboratory evaluations to test for myalgia should have been performed on Day 4
(i.e. 48 hours later). However, some of these subjects were not able to attend on Day 4:
for these subjects, the tests were performed either at discharge on Day 3 or on Day 5.

Using estimates of the intra-subject variability from a previous study (LVAZ), and with
eight subjects in each part of the study completing, the present study had at least 90%
power to detect a two-fold increase in AUC and Cmax . The assumed intra-subject
coefficients of variation were 10.9% for Cmax and 25.3% for AUC. This assumed a one-
sided type I error rate of 5%. The power of the ritonavir 600 mg arm is likely reduced
significantly by withdrawal. Thus, it was not possible to make a statistical comparison of
pharmacokinetic parameters between this treatment to when tadalafil was administered
alone.

Arithmetic mean (SEM) plasma concentration-time profiles of tadalafil following oral
doses of 20 mg IC351 (tadalafil) in the presence and absence of ritonavir are presented in

Figure 1.

——20 mg tadalafil & 200 mg bid ritonavir

20 mg tadalafil & 600 mg bid ritonavir

[ 2 @ T2 % 120 144 168 102
Time Post-Dose (hr)

Figure 1. Arithmetic Mean (+SEM) Plasma Concentration-Time Profiles of Tadalafil
Following Oral Administration of a Single 20 mg Dose Alone (N=16) and in Combination
with 200 mg BID Ritonavir (N=8) or 600 mg BID. Ritonavir (N=3).

Tadalafil Plasma Concentration (ug/L,
A EEEEREER

Following co-administration of tadalafil with 200 mg BID ritonavir, tadalafil plasma .
concentrations were increased compared to when tadalafil was administered alone. There
was little effect on the range of Cmax values: ~ _ compared to
"~ when tadalafil was administered alone. Tadalafil was quantifiable in plasma up
to the last blood sampling time (192 hours) for all subjects co-administered tadalafil and
200 mg b.d. ritonavir, but for only 3 of 16 subjects following administration of tadalafil
alone. The pharmacokinetic parameters of IC351 (tadalafil) from Part A of the study are
summarized in Table 1.
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20mg IC351 & 20mg IC351 &
20 myg IC331 200 mg b.d. ritonavir 600 mg b.d. ritonavir

Parameter {N=16) {N=8} {N=3}
AUC)-o0) (g WL} 12850 {3641 33033{40.3) 241R(13.7)
AUCO-450 (e h/Ly 12358 (35.6) 32200 (384) 22230(144)
Cpax (L) $61976(23.2) 533.8874{25.3) 471.461(7.3)
tipax {)° 3.00, 40 — 10.00 ]
1% (hc 164 - 319. i 172

CL/F (L) 1.56 (36.4)" 0.605 (40.3) 0892 (13,1
Y /F{L) 36987 27.934.2) 22.2(36.1)
Source: Section 14.2.2 (Table 2.1)

N = Number of subjects

aNml4

b Median {min-max) data

¢ Geometric mean {min-max} data

ug/L iz equivalent to ng/mL

Table 1. Geometric Mean (CV%) of Pharmacokinetic Parameters of IC351 (tadalafil)
Following Oral Administration of a Single 20 mg Tadalafil Dose Alone or in Combination

with 200 or 600 mg BID Ritonavir.

Table 2 summarizes the relative change in pharmacokinetic parameters for the ritonavir
interaction study versus dosing tadalafil alone.

200 mg dose 600 mg dose

(N=8) (N=3)
AUC < F/CL T (2.6-fold) T (1.7-fold)
Cmax < F/V (ka, k) “— { (0.84 of dosing alone)
tmax o< ka, k T (1.33x & more variable) T 3.33-fold
t% o< V/CL T (2-fold) —
CL/F < CLint, fu, Qu (0.4 of dosing alone) (0.6 of dosing alone)
Vz/F « Vp, fu/fuT 4 (0.8 of dosing alone) (0.6 of dosing alone)

Table 2. Relative Change in Pharmacokinetic Parameters for the Ritonavir Interaction
Study Relative to Dosing Tadalafil Alone.

In the presence of 200 mg BID ritonavir, there was a 2.6-fold increase in AUC, the
geometric mean CL/F decreased approximately by 60% and Vz/F decreased by 20%.
This decrease in CL/F and V/F was reflected by a two-fold increase in geometric mean
half-life: 31.9 hours compared to 16.4 hours when tadalafil was administered alone.
Cmax did not change—suggesting that ritonavir does not affect F or gut metabolism—but
tmax increased 1.33-fold, suggesting that ritonavir affects the rate of absorption.

The results were similar for the 600 mg ritonavir dose qualitatively, but differed
quantitatively. AUC was increased less by ritonavir 600 mg BID (1.7-fold) versus
ritonavir 200 mg BID (2.6-fold). This reflects a smaller Cmax for the 600 mg ritonavir
interaction study (16% decrease) relative to when tadalafil was dosed alone.
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The most striking difference between the effect of the 200 mg and 600 mg doses of
ritonavir is on tadalafil’s tmax and t1/2. Although both regimens yield an increase in
tmax, it appears that the 600 mg bid dose of ritonavir has a more considerable influence
on tmax (3.33-fold increase) than the 200 mg dose (1.33-fold increase). A two-fold
increase in t1/2 was observed for the 200 mg dose of ritonavir, but there was no change in
t1/2 observed for the 600 mg dose. This, like the difference in the magnitude of the effect
on VZ/F for the ritonavir doses (VZ/F is decreased by 20% and 40% when 200 mg and
600 mg ritonavir BID are dosed, respectively), and the discrepancy in the effect on AUC
and Cmax, may be an artefact of the small sample size for the 600 mg ritonavir arm. It
may also reflect a difference in pharmacokinetic profile between subjects who were able
to tolerate 600 mg BID ritonavir and subjects who could not tolerate 600 mg BID
ritonavir. CYP 3A4 inhibitors can also induce CYP 3A4 expression. The discrepancy in
the effect of ritonavir on tadalafil’s PK parameters for the 200 mg and 600 mg doses may
reflect a change in the balance between CYP 3 A4 inhibition and induction for these
strengths.

Note, that it is unexpected that the coefficients of variation are lower for the 600 mg bid
ritonavir arm compared to the 200 mg arm or the arm studying tadalafil alone. One would
expect the results to be more variable given that fewer subjects were studied.

The results of the statistical comparison of select pharmacokinetic parameters of tadalafil
(IC351) are summarized in Table 3. There is a statistically significant change in AUC
caused by coadministration with 200 mg BID ritonavir. Note that the sponsor’s reporting
of 90% confidence intervals may underestimate drug effect relative to a 95% CI.

Ratio of geometric LS means 904 confidence limits
Parameter (C351 & 200 mg b.d ritonavir: 1C351 alone) for the ratio
AUC(0-o0) 224 1.86,2.71
Coax 0.980 0.822,1.17
S (h)? 3.00 | 0.467. 6.00

Source: Section 14.2.2 (Table 1.1)

Analysis only inctudes Period 1 data (10351 alone) from the eight subjects who received 1351 and
200 mg b.d. ritonavir in Period 2

+ Median difference (10351 & 200 mg b.d. ritonavir - 1C351 alone) and 90% confidence limits
jpg/L is equivalent to ng/mL

Table 3. Statistical Comparison of the Primary Pharmacokinetic Parameters of Tadalafil
Following Oral Administration of a Single 20 Dose Alone and in Combination with 200 mg
BID Ritonavir.

The sponsor claims that the limited results obtained in the 3 subjects who received 600
mg BID ritonavir with tadalafil were consistent with those seen with the 200 mg BID

dosing regimen.

Metabolites
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